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FATIGUE STRENGTH OF FILLET-WELD, PLUG-WELD, AND 
SLOT-WELD JOINTS CONNECTING STEEL 
STRUCTURAL MEMBERS 


I. INTRODUCTION 


1. Object and Scope of Investigation—The investigation of the 
fatigue strength of fillet-weld, plug-weld and slot-weld joints con- 
necting steel structural members described in this bulletin is an exten- 
sion of the exploratory work described in the University of Illinois 
Engineering Experiment Station Bulletin 350. Some of the specimens 
were designed to fail in the weld, others were designed to fail in the 
plates or channels connected. Some of the fillet-weld joints were single- 
pass welds; others were triple-pass welds. 

The steel from which the specimens were made met the A.S.T.M. 
A7 Specifications and had carbon and manganese contents not greater 
than 0.29 percent and 0.70 percent, respectively. The welding pro- 
cedure, and the chemical composition and mechanical properties of 
the steel as given by the mill tests, are given in the description of the 
specimens for the various series. 

The tests of a series were, in general, planned to determine the 
fatigue strength of the specimens when tested on the three cycles: 
(1) tension to an equal compression, r = —1;* (2) zero to tension, 
r=0; (8) tension to tension one-half as great, r= 0.5. The speci- 
mens of Section 21 were tested on a cycle in which the compression 
was numerically greater than the tension. Some tests were planned to 
give the fatigue strength corresponding to failure at 100,000 cycles, 
designated as Foo 000; other tests were planned to give the fatigue 
strength corresponding to failure at 2,000,000 cycles, designated as 
F, 000 000+ 

The values of Fyoo 000 aNd F's 900 000 Were computed from the results 
of the tests by means of the empirical equation’ fF, = S (N/n)*, in 
which S, numerically, is the maximum stress in the stress cycle, N is 
the number of cycles for failure for the test in question, K is an ex- 
perimental constant whose value depends upon such factors as the 
geometrical characteristics of the specimen and the mechanical 
properties of the metal, and Ff’, is the fatigue strength corresponding 
to failure at n number of cycles. The value of AK for each series was 
determined from the slope of the S-N (stress-number of cycles for 

*r is the ratio of the minimum to the maximum stress in the stress cycle, compression being 


considered negative and tension positive. 
1See Univ. of Ill. Eng. Exp. Sta. Bul. 302, p. 111. 


11 


12 ILLINOIS ENGINEERING EXPERIMENT STATION 


failure) diagram for the series in question, and had different values 
for different types of specimens. The error in F, resulting from the 
use of an inaccurate value of K depends upon the amount by which the 
ratio, N/n, differs from unity. The following arbitrary rule was fol- 
lowed in deciding whether the results of a particular test were to be 
used to determine Foo 000 OF F's 000 000. Walues of Fico ooo were de- 
termined from tests for which n was less than 600,000; values of 
Fz 600 000 Were determined from tests for which n was greater than 
300,000; and values of both Foo 000 aNd F's ooo 000 Were determined from 
tests for which n was more than 300,000 and less than 600,000. If the 
number of cycles for failure exceeded 2,000,000, the value of the maxi- 
mum stress in the stress cycle was reported as the value of Fo o00 ooo. 
This value was followed by a plus sign (+), indicating that the actual 
value was somewhat greater than the value reported. 

Static tests were made on fatigue-type specimens —that is, on 
specimens identical with the specimens used in the fatigue tests. 

The mechanical properties and the chemical composition of the 
plate material, and the welding procedure used in fabricating the speci- 
mens, are given in the tables comprising the Appendix. 

A description of the specimens and the results of the tests are 
given in following sections. 


2. Acknowledgments ——The tests described in this bulletin were a 
part of the investigation resulting from a cooperative agreement 
entered into by the Engineering Experiment Station of the University 
of Illinois, of which Dean M. L. Encer is the Director, and the 
Public Roads Administration, of which THomas H. MacDona tp is 
the Commissioner. The tests were planned in cooperation with the 
Committee on Fatigue Testing (Structural), Welding Research Coun- 
cil of the Engineering Foundation, of which F. H. FranKxuanp is 
Chairman, and were financed by the Chicago Bridge and Iron Com- 
pany; the Public Roads Administration, Federal Works Agency; the 
Bureau of Ships, Navy Department; and the Association of American 
Railroads. They were made in the Arthur Newell Talbot Laboratory 
by C. E. Kester, A. M. Onset, and Witutiam H. Munss, Special 
Research Assistants in Civil Engineering, working under the super- 
vision of WiLBurR M. Wiison, Research Professor of Structural Engi- 
neering of the Department of Civil Engineering. 

The tests were planned by a Subcommittee (of which F. H. 
FRANKLAND was Chairman) of the Committee on Fatigue Testing. 

The metallurgical studies were made in the Metallurgical Labora- 
tory by Wattrr H. Bruckner, Research Assistant Professor of 
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Metallurgical Engineering, Department of Mining and Metallurgical 

Engineering, University of Illinois. 

The members of the Committee on Fatigue Testing (Structural) 
were: 

FRANKLAND, F. H., Chairman,* Consulting Engineer, 271 Madison 
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tration, Washington 25, D.C. 

Brernuarpt, J. E., Bridge Engineer, Chicago & Eastern Illinois Rail- 
road, 6600 8. Union Avenue, Chicago 21, Ill. 

Brsser, L. C., Welding Engineer, Carnegie-Illinois Steel Corp., Car- 
negie Building, Pittsburgh, Pa. 
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Engineering, Department of Mining and Metallurgy, 204 Metal- 
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* Mr. Jones was Chairman when the work described in this bulletin was planned. He was 
later succeeded by Mr. Frankland. 
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Il. DescrietTion or TESTS 


3. Plates Connected with Fillet Welds—Exploratory tests pre- 
viously reported’ indicated that the fatigue strength of plates con- 
nected with fillet welds is low but that joints of the type shown in 
Fig. 1 were as strong on a cycle in which the stress in the plate varied 
from zero to tension as any tested. The tests of the present series, for 
which failure was expected to occur in the plate, were planned to de- 
termine the fatigue strength of this type of joint when tested on the 
three stress cycles enumerated in Section 1. 

Each specimen was made of two plates 12 in. by %¢ in. by 2 ft 3 in. 
and one plate 12 in. by %4 in. by 2 ft 3 in. which were machined and 
welded as shown in the figure. The first specimens tested had 14-in. 
fillet welds, but because some of these failed in the welds the remain- 
ing specimens were made with %,-in. welds. 

Welding-procedure qualification tests were made for both the 14-in. 
and the 4 ,-in. fillet welds. A description of the procedures developed 
and the numbers of the specimens welded by each procedure are given 
in Table 26.* The numbers italicized represent specimens which, 
because they failed in the weld or in the inner plate, have not been 
included in the report of the tests of the plates. By both procedures 
the operator was able to produce welds that were both sound and 
ductile. 

The plates used in making the specimens of this series were from 
four heats. The results of the mill tests for these heats are given in 
Table 27. The variations in composition and in the mechanical prop- 
erties were so small that no account has been taken of them in com- 
paring the results of the tests. 

The results of the tests of the specimens that failed in the plates 
are given in Table 1. The specimen number is given in column 1; the 
stress cycle in 1000’s of p.s.i. of plate in column 2; and the number of 
cycles for failure in column 3. These data, plotted to a log-log scale, 
determined the S-N diagrams of Fig. 1. The values of the fatigue 
strength corresponding to failure at 100,000 and 2,000,000 cycles are 
given in columns 4 and 5, respectively, of the table. The values of K 
were 0.25, 0.27 and 0.30 for the three stress cycles, tension to an 
equal compression, zero to tension, and tension to tension one-half as 
great, respectively. The average values of the fatigue strength for the 
various ratios of minimum to maximum stress and for the two values 
of n are also given in the table. 


1Univ. of Ill. Eng. Exp. Sta. Bul. 350, pp. 11-18. 
* Tables 26-75 are in the Appendix, pages 80-101. 
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The specimens failed in the outside plates, a transverse fracture 
occurring at the end of the fillet welds in each instance. 

The fatigue tests were supplemented by static tests of similar 
specimens the details of which are shown in Fig. 1. Two specimens, 
43A23 and 43A24, had fillet welds with a nominal size of 14 in.; two 
other specimens, 43P1 and 43P2, had fillet welds with a nominal size 
of 4, in. The welds for all specimens were slightly oversize, as de- 
termined by measurements of the throat of the weld made before the 
tests. The area of the fracture was measured for all specimens that 
failed in the weld. 

The results of static tests are given in Table 28. The area of the 
fracture for the two specimens that failed in the weld was slightly less 
than the area of the throat as computed from the external measure- 
ments of the weld, a fact which indicates that the penetration was not 
quite perfect. The two specimens with 14-in. fillets broke in the weld, 
although one of them broke in the plate also. The values of the 
strength in shear of the welds that broke were 51,500 and 51,700 
p.s.i. based upon the area of the fractures, and 48,300 and 52,700 p.s.1. 


TABLE 1 


FATIGUE STRENGTH: PLATES CONNECTED WITH FILLET WELDS 
Specimens 434A 


. re Paes of Sieerd Strength in 1000's 
F tress in 1000's ycles for of p.s.i. of Plate 
Specimen No. of p.s.i. Failure 
in 1000’s 
n= 100,000 n = 2,000,000 
(1) (2) (3) (4) (5) 
43 A2-2 +12.0to —12.0 167.8 US) Gb'g a Sly Ae paca. 
43 A3-2 +10.0 to —10.0 285.7 V2OG te are NT are: 
43. A4-2 + 6.0to — 6.0 Lee Ss LP ON pia shoxctele ayer g) 
43A5 + 8.0to — 8.0 552.6 12.25 5.80 
43 A5-2 + 6.0to — 6.0 Ze DOO ON Mee eae voor 6.00+ 
43A6 + 7.0to — 7.0 571.9 10.82 5.12 
43A20 +13.0to —13.0 66.3 1 We 8 ie A aes 
Ave 12.29 5.68+ 
43A9 0 to +20.0 129.5 PAR. Shem A all | ie aan 
43A10 0 to +14.0 414.4 201.55 9.15 
43A10-2 0 to +10.5 WAT 2 Oe i aan 9.56 
43A11 Oto +14.0 OFODG mee Memes ares 10.45 
43A12 Oto +14.0 443.7 20.94 9.32 
43A19 Oto +12.0 Q0S%4" | te te aes. 9.70 
43A21 0 to +20.0 141.1 ZAG ADL Seah eee whe were 
43A22 0 to +20.0 171.4 23 LON err ea te Fes 
Ave 21.64 9.64 
43A13 +14.0 to +28.0 360.4 41.15 16.74 
43A13-2 + 9.0 to +18.0 OSTSU PM ewe +) hate te. 14.60 
43A14 +15.0 to +30.0 286.1 ft Pan oe Ie ae Traces 
43A14-2 +11.2 to +22.4 S20 Tine wok tas yet 
43A16 +11.0to +22.0 OST OSE wale, octets 15.95 
43A17 +10.0 to +20.0 PSS sheen 8 ete 16.90 
Ave 41.15 16.27 


All specimens broke in the outside plates at the inner end of the fillet welds. 
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based upon the throat area as computed from the external dimensions 
of the weld. The values of the plate strength for the specimens that 
broke in the plate were 57,200, 57,200 and 56,900 p.s.i. This is com- 
parable with a strength of the plates based upon the mill tests of 
64,310 p.s.i. The ratio of the unit strength of welded plates to the unit 
coupon strength for the same plates, based upon average values, 
was 0.89. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of the plates is shown by the 
diagrams of Fig. 1. 


4. Channels Connected to Plates with Fillet Welds—Members of 
light bridges sometimes consist of rolled channels fabricated to form a 
box section. The specimens of this series, planned to simulate the 
connections of such bridge members to gusset plates, are shown in 
Fig. 2. The first specimens tested gave lower values for the fatigue 
strength than had been obtained from exploratory tests.' The speci- 
mens used in the exploratory tests differed from those shown in Fig. 2 
in that the former had a single pair of batten plates at midlength, 
whereas the specimen shown in Fig. 2 had a pair of batten plates near 
each end, as shown in the figure. For this reason, further exploratory 
tests were made using specimens that differed somewhat in detail. 
Two specimens each of three types were used. Two specimens were in 
complete accord with Fig. 2; two were in accord with Fig. 2 except 
that there was no %-in. transverse weld at the inner edge of the 1-in. 
plate; and two were in accord with Fig. 2 except that there was a 
single pair of batten plates at midlength instead of the two pairs of 
batten plates near the ends. The results of these preliminary tests are 
given in Table 2. These tests indicate that, of the three types tested, 
the one shown in Fig. 2 had the greatest fatigue strength. It was 
therefore used for the main series of the investigation described in the 
following paragraphs. 

Each specimen was made of two 10-in., 15.3-lb channels 2 ft 10 
in. long, four plates 12 in. by 1 in. by 1 ft 10% in. and four batten 
plates 3 in. by * in. by 734 in., which were welded as shown in the 
figure. The mechanical properties and the chemical composition of the 
plates and channels, as determined by mill tests, are given in Table 29. 
The welding procedure used in making the welds is given in Table 30. 

The results of the fatigue tests are given in Table 3. These data 
plotted to a log-log scale determined the S-N diagrams of Fig. 2, all 
of which are parallel and have a common value of K of 0.19. 


1 Univ. of Ill. Eng. Exp. Sta. Bul. 350, p. 20. 
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TABLE 2 
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FatiGuE STRENGTH: CHANNELS CONNECTED TO PLATES wiITH FILLET WELDs; 
Various DpraiLs 


Number of | Transverse Bead | Stress Cycle in 1000’s | Number of Cycles 

Specimen No. Batten at Edge of of p.s.i. of for Failure 

Plates 12” x 1” Plate Channel Section in 1000’s 
43B-1* 2 Yes Oto +16.0 155.4 
43B-3T 4 No Oto +16.0 90.7 
43B-4t 4 Yes 0 to +16.0 229.0 
43B-6* 2 Yes Oto +14.0 384.7 
43B-2t 4 No 0 to +14.0 272.9 
43B-5t 4 Yes Oto +14.0 412.0 


* Differed from Fig. 2 in having only two batten plates. 
+ Differed from Fig. 2 in having no transverse bead at inner edge of 1-in. plates. 
t In accord with Fig. 2. 


FATIGUE STRENGTH: 


TABLE 3 


CHANNELS CONNECTED TO PLATES WITH FILLET WELDS 


: Pe Naw! of Fatigue piseoeeh | in aye s of 
Stat : Stress in 1000's o ycles for p.S.1. 0 annels 
Specimen No. p.s.i. of Channels Failure 
in 1000's 
n= 100,000 n = 2,000,000 
43B-7 —10.0 to +10.0 136.3 10.6 it ok 
43B-8 —10.0 to +10.0 116.4 10.3 conte 
43B-9 —10.0to +10.0 169.4 ag bea pie 
43B-10 — 7.0to + 7.0 1,125.6 ee 6.27 
43B-11 — 7.0to + 7.0 1 224.2 bard 6.38 
43B-12 — 7.0to + 7.0 586.3 9.8 ADD) 
Ave 10.55 6.07 
43B-4 0 to +16.0 229.0 18.7 Re Ps 
43B-5 Oto +14.0 412.0 18.3 10.40 
43B-19 0 to +12.0 474.9 16.2 9.14 
43B-20 Oto +11.0 843.9 eae 9.34 
43B-21 0 to +18.0 74.1 17.0 ta 
43B-22 Oto +10.0 414.1 13)L 7.41 
Ave 16.65 9.07 
43B-13 +12.0to +24.0 273.9 29.1 setae 
43B-14 +12.0to +24.0 394.5 OLE 17.6 
43B-15 + 8.0 to +16.0 1 548.1 rae 15.3 
43B-16 +11.0to +22.0 208.3 25.3 Sarees 
43B-17 + 9.0 to +18.0 704.6 tae 14.8 
43B-18 +8.65 to +17.3 840.8 14.7 
Ave 28.50 15.6 


Failure of all fatigue specimens started in the channels at the inter- 
section of the %4,-in. longitudinal weld and the %-in. transverse weld 
at the edge of the 1-in. plate, and progressed across the web of the 


channel. 


The average static strength of the fatigue-type specimens 43B23 
and 43B24, given in Table 31, was.54,370 p.s.i.—a value only 84 
percent as great as the coupon strength of other channels from the 
same lot (Tabie 29). The effect of the ratio of the minimum to 
the maximum s‘ress in the stress cycle upon the fatigue strength of the 
series is shown by the diagrams in Fig. 2. 


specimens of ‘his 
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TABLE 4 
Fatigue SrrenetH: PiuGc-WeELD Joints DESIGNED TO Fain IN PLuGs 


Number of Fatigue Strength in 1000's of 
2 Shear Stress in 1000's of Cycles for p.s.i. Shear on Plugs 
Specimen No. p.s.i. of Plugs Failure 
in 1000’s 
n= 100,000 n = 2,000,000 
43C1 +14.0to —14.0 32.9 33 ee || iene Aa 
43C2 +11.0to —11.0 DE 7 | a oA eam be iy are ner A 
43C3 + 7.0to — 7.0 1 183.3 fasled-in st “We ce 
center plate 

43C4 + 9.0to — 9.0 338.5 1 LOG re meron 
43C5 + 7.0to — 7.0 118.8 ~ he RE ee 5.85 
43C6 + 7.0to — 7.0 L'675.fa Fle) peo 6.77 
43C19 + 7.0to — 7.0 T0805 oe ae Be cyan 6.99 

Ave. 11.27 6.54 
43C7 0 to +20.0 292.1 2450 ®t as, the 
43C8 0 to +24.0 54.4 QT AOS eee sit, actene 
43C9 0 to +22.0 136.3 DESO we, fhe eee 
43C10 Oto +15.0 729 OF oe Sin ea ee 12.40 
43C11 0 to +15.0 853.0 12.75 
43C12 0 to +15.0 587.6 11.88 
43C20 0 to +13.0 2 094.6 13.00+ 
43C21 0 to +13.0 Li 831285 FF omen ches 12.80 

Ave. 23.08 12.57 
43C13 +15.5to +31.0 905.5 as Pasa 27.20 
43C14 +15.0to +30.0 466.9 22.75 
43C15 +12.0to +24.0 1 315.6 22.20 
43C16 +14.0 to +28.0 843.9 23.75 
43C17 +12.0to +24.0 2 260.2 24.00+ 
43C18 +12.0to +24.0 Lif 1487, OY Oe ore 23.30 

Ave. 42.1* 23.87 


*This value was computed from the average value of F 2000 000—namely, 23,870 p.s.i—by use 


: 2,000,000 \ 9.19 
of th t F res Cee 
e equation Foo 000 = 23.87 100,000 


5. Plug-Weld Joints Designed to Fail in the Plugs—Tests were 
made to determine the fatigue strength of the plugs of the plug-weld 
joints shown in Fig. 3. Previously reported tests! indicated that the 
fatigue strength of plugs was somewhat but not greatly affected by 
either the plug diameter or the plate thickness. It is therefore believed 
that the results obtained from these tests will be applicable for pur- 
poses of design to connections with the proportions commonly used.* 

Each specimen was made of two plates 12 in. by 1% in. by 2 ft 4 in. 
and one plate 12 in. by 1 in. by 2 ft 4 in. which were machined and 
welded as shown in the figure. The holes for the plug welds were 146 
in. in diameter, and the unit shear was based upon this nominal 
diameter of the plug. The actual diameter of the molten metal was 
somewhat greater, because of the penetration of the weld metal.® 
Although the area used is not the actual area of the plug weld it is the 
diameter commonly used in design. 

1 Univ. of Ill. Eng. Exp. Sta. Bul. 350, paragraphs 6 and 7, pp. 91 and 92. 


2 See 1941 Specifications for Welded Highway and Railway Bridges, p. 29, paragraph 225. 
3 Bul. 350, p. 56, Table 22. id ~ aia wet 
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The welding procedure for the specimens of this series is given in 
Table 32. Qualification tests showed that with this procedure the 
operator was able to produce welds that were both sound and ductile. 

Though the plates used in making the specimens came from 
several heats, the mill tests showed that the chemical composition and 
mechanical properties (Table 33) were very nearly the same for all. 

The results of the fatigue tests are given in Table 4. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 3, all 
of which are parallel and have a common value of K of 0.19. 

Some of the specimens failed in the plates but, upon shearing 
the welds on the plane between the plates, it was found that the plugs 
had started to fail in fatigue also. When this condition existed the 
failure was considered as a plug failure. Specimen 438C3, which failed 
in the center plate and showed no signs of fatigue cracks in the plug, 
was not included in the average. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle is shown by the diagrams of Fig. 3. 

Static tests were made on two specimens for which the ultimate 
loads were 367,300 and 399,600 lb. These correspond to a unit shear 
on the plugs of 51,700 and 56,200 p.s.i., respectively, based upon the 
nominal diameters, and to 48,300 and 48,100 p.s.i. based upon the 
area of the fracture of the plugs. 


6. Plug-Weld Joints Designed to Fail in the Middle Plate——This 
is the second series of tests on plug-weld joints. The specimens of the 
first series, described in Section 5, were designed to fail in the plug, 
whereas the specimens of this series were designed to fail in the middle 
plate. Each of the specimens, 23 in all, failed in the middle plate as 
planned. The details of the specimens are shown in Fig. 4. 

Each specimen was made of two plates 12 in. by % in. by 2 ft 6 in. 
and one plate 12 in. by %4 in. by 2 ft 6 in. machined and welded as 
shown in the figure. The welding procedure was the same for the 
specimens designed to fail in the middle plate as it was for the speci- 
mens designed to fail in the plugs, and is given in Table 32. The 
chemical composition and mechanical properties of the plates as shown 
by the mill tests are given in Table 34. 

The results of the fatigue tests are given in Table 5. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 4. 

All fatigue specimens failed in the middle plate at a section along 
the edge of the plug nearest the end of the plate where the load was 
applied, a region in which the plug acts as a geometrical stress-raiser. 
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Three fatigue-type specimens were tested statically; the results 
of the tests are given in Table 35. The first one tested, 43D23, failed 
in the curved shoulders where the edges had not been machined after 
being flame-cut. The edges of the shoulders of the other two static 
specimens, 43D22 and 43D24, were machined after being flame-cut. 
They broke inside the shoulders at a section about 2 in. outside of the 
outer plugs. Both the static strength and the location of the fractures 
indicate that the plug weld did not have a significant effect upon the 
static strength of the inside plate. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of the plug-weld joints 
designed to fail in the middle plate is shown by the diagrams in Fig. 4. 


7. Plug-Weld Joints Designed to Fail in the Outside Plates—The 
third series of tests of plug-weld joints was planned to determine the 
fatigue strength of the plug-weld joints shown in Fig. 5, which were 
designed to fail in the outside plates. Because the necessary load ex- 
ceeded the capacity of the 200,000-lb testing machines, it was not 


TABLE 5 
FATIGUE STRENGTH: PxLUuG-WELD Jomnts DrEsIGNED To Fatt In MippLe PLATE 


Number of Fatigue Strength in 1000’s of 
Shear Stress in 1000’s Cycles for p.s.i. of Middle Plate 
Specimen No. of p.s.i. Failure 
in 1000’s 
n= 100,000 n = 2,000,000 

43D1 —15.0to +15.0 93.0 14.62 Shalt 
43D2 —15.0to +15.0 95.3 14.76 aod 
43D3 —13.0to +13.0 118.5 13.75 iia 
43D4 —10.0 to +10.0 264.5 13.92 hee 
43D5 —10.0to +10.0 261.7 13.87 SE 
43D6 — 7.0to + 7.0 Biwi Oe BN meee 5.40 
43D19 — 6.5to + 6.5 See i eee See 5.03 

43D20 — 5.6to+ 5.6 B25 DG Pi le Saye fs 5.60+ 

Ave 14.18 §.34+ 
43D7 Oto +24.0 130.3 26.3 ay: 
43D8 0 to +26.0 144.2 29.5 gore 
43D9 0 to +27.0 63.1 23.1 ay 
43D10 0 to +14.0 CMD EAU eal tee @ Sc Boat 8.59 
43D11 Oto +11.0 1622) Soames lp eet orks 10.24 
43D12 Oto +11.0 TESSS 5h ae ee ie 9.71 

43D21 Oto +12.0 2285 32) 2 a eke 12.00+ 

Ave 26.3 10.13+ 
43D13 +17.0 to +34.0 240.7 43.4 hore 
43D14 +17.0 to +34.0 285.5 45.6 re se 
43D16 +11.0to +22.0 D-S6S: Ae MI wate EA te 19.8 
43D17 +12.0to +24.0 LOUSD. Ou Mar ait il Peaster 20.8 
43D18 +12.0to +24.0 A402) GM Nie eG eres. DAY f 
Ave 44.5 20.8 
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TABLE 6 
Faticur STRENGTH: PuiuG-We.Lp Joints DesiGNepD To Fait In OuTsIpE PLATES 


Number of Fatigue Strength in 1000’s of 
‘ Stress in 1000's of p.s.i. Cycles for p.s.i. of Outside Plates 
Specimen No. of Outside Plates Failure 
in 1000’s 
n= 100,000 n = 2,000,000 

43E1 —16.0to +16.0 80.8 15.18 
43E2 —15.0 to +15.0 81.2 14.22 
43E3 —14.0to +14.0 72.8 12.93 
43E4 —11.0to +11.0 256.9 14.02 
43E5 — 7.0to + 7.0 ee Ig ea eA eal 
43E6 — 7.0to + 7.0 A Dit, AM Pere Renee 
43E13 — 7.0to + 7.0 LEGIT, Mekal) aig ee os 6.65 
43E19 — 7.0to+ 7.0 SGSS OOF Ot Ne ta (paral 
43E21 — 7.0to + 7.0 ESOS! TES aie. te. 6.51 

Ave. 14.09 6.62 
43E7 0 to +25.0 89.8 24.35 
43E8 0 to +24.0 131.8 25.75 
43E9 0 to +24.0 122.7 25.30 
43E10 0 to +16.0 475.8 23.60 11.18 
43E11 Oto +16.0 311.5 21.25 ae 
43E12 0 to +14.0 S35, O78 ee, oe ks oh 11.25 
43E20 0 to +13.0 Le 74457 eee ee? arenes 12.58 

Ave. 24.05 11.67 
43E14 +15.0to +30.0 613 .9f 47.2 22.3 
43E15 +17.0to +34.0 509.6 51.1 24.2 
43E16 +15.0 to +30.0 CHIE eo err 23.9 
43E17 +14.0 to +28.0 © OSS 22S WARC Bie, taut mate 
43E18 +14.0 to +28.0 POST: Glee alms ayeaae 27.8 

Ave. 49.2 24.6 


* Failed in the middle plate. : 
{ Microscopie analysis of the fracture indicated a large number of blow holes. Not included 
in the average. 

f This number of cycles exceeds 600,000, and this test would not ordinarily be used to deter- 
mine F100 00, but the only test of this group for which N is less than 600,000 showed a value of N of 
509,600. It seemed better to take the average results of two tests for which N had the value just 
ges and a value of 613,900 than to take the results of one test for which the value of N was 


possible to produce failure at less than 500,000 repetitions of a cycle 
in which the stress varied from tension to tension one-half as great. 

Each specimen was made of two plates 12 in. by % in. by 2 ft 6 in. 
and one plate 12 in. by 1 in. by 2 ft 6 in. machined and welded as 
shown in the figure. The welding procedure for the specimens of this 
series was the same as for the specimens of Sections 5 and 6 (Table 
32). The chemical composition and mechanical properties of the plates 
as determined by the mill tests are given in Table 36. 

The results of the fatigue tests are given in Table 6. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 5, all 
of which have a common value of K of 0.25. 

Sections through two of the plug welds of specimen 43E6 are 
shown in Fig. 6. The upper macrograph shows the fracture in one out- 
side plate; the lower macrograph is of the other plate, which was not 
fractured. These sections show that the plugs on both sides of the 
center plate contained flaws. An enlarged macrograph of the fracture 
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Fic. 6. Macrocrarus or Fracrurep SPECIMEN 43E6 
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near the flaw is shown in Fig. 6. Similar sections were made of the 
plug welds in specimen 43E19 and the welds were found to be sound. 

The fatigue crack in the plate of specimen 43E6 was adjacent to 
the flaw, as shown in the upper part of Fig. 6, and it is reasonable to 
assume that the fatigue strength of the specimen was reduced because 
of this flaw. Because of the flaw in this specimen, its fatigue strength 
was not included in computing the averages given in Table 6. The test 
of this specimen does, however, give an indication of what might be 
expected from faulty welds. 

Specimens 43E22, 43E23, and 48K24 were tested statically; the 
results of the tests are given in Table 37. These specimens all failed 
through the outer plate and at a short distance from the plug welds. 
The static strength and the location of the static fractures indicate 
that the plug welds did not have a significant effect upon the static 
strength of the outer plates; all of the fatigue specimens failed through 
the outer plate but along the edge of the plug welds. The location of 
the fatigue fractures and the values of the fatigue strength do, how- 
ever, indicate that the plugs reduced the fatigue strength of the plates. 

Figure 5 shows the effect of the ratio of the minimum to the maxi- 
mum stress in the stress cycle upon the fatigue strength of the joints 
of this series. 


8. Longitudinal Single-Pass Fillet-Weld Joints Connecting Plates. 
—The tests of this series were planned to give the fatigue strength of 
the joint shown in Fig. 7. Each specimen was made of two plates 
9 in. by % in. by 2 ft 4 in. and one plate 12 in. by 1 in. by 2 ft 4 in. 
which were machined and welded as shown in the figure. 

The welding procedure used for the specimens of this series is 
given in Table 38. Qualification tests showed that with this procedure 
the operator was able to produce welds which were both sound and 
ductile. 

Though the plates used in making the specimens came from several 
heats, the mill tests showed that the mechanical properties and the 
chemical composition (Table 39) were very nearly the same for all. 

The results of the fatigue tests are given in Table 7. All specimens 
failed in the weld except as noted. These data plotted to a log-log 
scale determine the S-N diagrams of Fig. 7, all of which have a com- 
mon value of K of 0.12. 

The tests on the stress cycle, tension to tension one-half as great, 
did not determine the position of the S-N diagram, since none of the 
specimens failed in the weld. They did, however, indicate that the 
fatigue strength was at least as great as that indicated by the upper 
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S-N diagram of Fig. 7, for which the equation is F = S (N/n)° and 
which passes through the point F2 000 00 = 40,000 p.s.i. That is, the 
fatigue strength on this cycle was found to be so great that its exact 
value is of no particular interest to the structural designer. 

The data from the tests on the cycle, tension to tension one-half 
as great, for which all failures were in the outside plates, were also 
used to determine the fatigue strength of plates tested on this cycle. 
The fatigue strength of these plates, based upon the nominal area of 
9.00 sq in., is given in Table 8, and the corresponding S-N diagram is 
given in Fig. 7. This S-N diagram does not differ greatly from the 
corresponding S-N diagram of Fig. 1. 

The values of the fatigue strength given in Table 7 and Fig. 7 are 
based upon an area of weld metal computed from the external di- 
mensions of the throat of the weld. The actual area of each weld was 
determined by measuring the area of the fracture. Its value depends 


TABLE 7 


FatiGuE STRENGTH: WELDS OF LONGITUDINAL SINGLE-Pass FILLET-WELD 
JoINnTs CONNECTING PLATES 


Number of Fatigue Strength in 1000's of 
Stress in 1000's of p.s.i. Cycles for p.s.i. on Throat of Weld 
Specimen No. on Throat of Weld Failure 
in 1000's 
n= 100,000 n = 2,000,000 
43F1 +18.0to —18.0 26.2 15.3 5 Ses 
43F2 +15.0to —15.0 106.9 15.1 ie 
43 F3 +15.0to —15.0 447.3 Hane 12.5 
43F4 +11.0to —11.0 899.5 10.0 
43F5 +10.0 to —10.0 3 483.8* 10.0+ 
43F6 +11.0to —11.0 222.9f 
43F21 +11.0to —11.0 1 273.3 10 
Ave. 15.2 10.7+ 
43F7 0 to +22.6 230.4 25.0 er 
43F8 0 to +22.0 553.3 Ae 18.8 
43F9 Oto +21.7 490.2 ron 18.4 
43F10 0 to +20.0 381.7 deed 19.1 
43F11 0 to +20.0 1 484.2 ee 19.3 
43F12 0 to +20.0 2 135.0* Sarees 20.0+ 
43F19 Oto +31.5 67.2 30.0 Brexs 
43F20 0 to +28.0 62.4 26.5 ano 
43F22 0 to +27.0 482.7 Fiuchs 22.7 
Ave. PY (ey 19.7+ 
43F13 +18.0to +36.0 PAV AI Me! 35.4 
43F14 +22.0to +44.0 764.0* 39.2 
43F16 +14.0 to +28.0 3 308.7t 28.0+$§ 
43F17 +20.0 to +40.0 2 093.9* 40.0+ 
43F18 +20.0 to +40.0 1 780.8* 39.4+ 
43F159 +22.5to +45.0 3 195..2* te 45.0+ 
Ave. 57.3** 40.0 


* Failed in side plates. All others failed in the weld. 

+ One plate off center. Not included in average. 

t Did not fail. 

§ Obviously low and not included in average. ; ; 

{| Specimen 43F15 was made with 2 welds, 24 in. long, in an attempt to cause failure in the weld. 


2,000,000 » *? 40,000 = 57,300. 


* Fio0 000 taken as “700,000 
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TABLE 8 


FatTiGuE STRENGTH: WELDS OF LONGITUDINAL SINGLE-Pass FILLET-WELD 
Joints THat FAILED IN OUTSIDE PLATES 


Based upon Plate Area of 9.00 sq in. 


ous " * ’ . Number of Cycles 
‘ Total Load on Specimen, Stress in 1000’s of p.s.i. f 
Specimen No. for Failure 
lb of Plate Area in 1000’s 
43F13 +72 900 to +145 800 +8.10 to +16.20 1 720.1 
43F14 +88 200 to +176 400 +9.80 to +19.60 764.0 
43F15 +50 000 to +100 000 +5.55 to +11.10 3 195.2 
43F16 +55 900 to +111 700 +6.21 to +12.42 3 308.7* 
43F17 +67 900 to +135 800 +7.55 to +15.10 2 093.9 
43F18 +67 800 to +135 600 +7.55 to +15.10 1 780.8 


* Did not fail. 


upon the external dimensions and the penetration, and might be either 
larger or smaller than the area computed from the external dimensions. 
A third value of the area of the weld, the one that is used by the de- 
signer, is based upon the nominal size of the weld specified on the 
drawing. It might be either greater or less than the other two values, 
depending upon the accuracy with which the operator produces welds 
of the dimensions specified. 

The three sets of values for the area of the weld are given in 
columns 2, 3 and 4 of Table 40. Values in column 2 are based upon 
the external measurements of the weld. They are the same as the 
values used in computing the stresses given in column 2 of Table 7. 
The values in column 3 are based upon the area of the fracture, and 
are the actual areas. The area based upon the nominal size of the 
welds specified on Fig. 7 is 3.54 sq in. for all specimens except 43F15, 
which was purposely made only 2%4 in. long. Its nominal area is 2.43 
sq in. These values are listed in column 4 of Table 40. 

Of the three values of the throat area, those determined from the 
external measurements were in general greater than the values de- 
termined by the other two methods. This means that the values of the 
fatigue strength given in Table 8 are somewhat less than the values 
that would be obtained from the same test data by computing the 
stress from the area of fracture. 

Static tests were made on two specimens for which the ultimate 
loads were 204,900 and 227,700 lb. These correspond to a unit shear 
on the weld of 67,600 and 61,800 p.s.i., respectively, based upon the 
external dimensions of the weld; thessame loads correspond to 60,700 
and 58,700 p.s.i. based upon the area of the fracture of the weld; and 
they correspond to 57,900 and 64,300 p.s.i. based upon the dimensions 
of the weld specified in Fig. 7. 
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The effect of the ratio of the minimum to the maximum stress 
in the stress cycle upon the fatigue strength of longitudinal fillet welds 
is shown in Fig. 7. 


9. Longitudinal Triple-Pass Fillet-Weld Joints Connecting Plates. 
—Two series of tests were made to determine the fatigue strength of 
longitudinal triple-pass fillet-weld joints designed to fail in the welds. 
The details of the specimens for the first series are shown in Fig. 8. 

Each specimen was made of two plates 9 in. by 114 in. by 2 ft 4 in. 
and one plate 12 in. by 1% in. by 2 ft 4 in,, all of which were ma- 
chined and welded as shown in the figure. The chemical composition 
and mechanical properties of the plates as determined by mill tests 
are given in Table 41. 

The welding procedure for the first five specimens is given in the 
upper part of Table 42; the welding procedure for the rest of the 
specimens of the first series, in the lower part. 

The results of the fatigue tests are given in Table 9. All specimens 
failed on the throat area of the weld except as noted. The results 
plotted to a log-log scale determine the S-N diagram of Fig. 8. 

The values of the fatigue strength given in Table 9 and Fig. 8 are 
based upon an area of weld computed from the external dimensions 
of the throat of the weld. The area of the weld was also determined 
by measuring the fracture area and by computing the nominal area 
from the size of the weld specified on the drawing. The three values 
for the area of the throat of the welds are given in columns 2, 3 and 4 
of Table 48. 

For the purpose of comparison the average values of Foo ooo, 
Fs 000 000 and K, for single-pass and triple-pass welds, are given in 
Table 44, the values based upon the areas determined by the three 
methods being given separately. The S-N diagrams based upon the 
three values of the area are given in Fig. 8, which also shows the rela- 
tive position of these three S-N diagrams. The static strengths of the 
single-pass and triple-pass welds for the same two series are compared 
in Table 45. 

A comparison of the values of the strength given in Tables 44 and 
45 indicates that both the unit fatigue strength and the unit static 
strength of the specimens were lower for the triple-pass welds than 
for the single-pass. This difference in strength suggested the possibility 
of thermal cracks in the triple-pass welds. Additional triple-pass welds 
were therefore made and examined for soundness. Both the magnaflux 
test and the static fracture showed that the first bead had contained a 
fracture, presumably due to thermal stresses. 
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It was therefore decided to test additional specimens which were 
similar to those used in the tests reported in Table 9 except that 
provision was made to relieve the high thermal stresses in order to 
eliminate the thermal cracks in the first bead. 

To eliminate the thermal cracks, soft iron wires approximately 
145 in. in diameter and 5 in. long were placed between the plates 
about 1% in. from, and parallel to, the edges to be welded, before the 
welds were made. The wires were examined after the specimens had 
been broken and were found to have been flattened appreciably. This 
indicates that the plates had been drawn together, thereby relieving 
the thermal stresses in the first bead. 

Tests of the second series of specimens welded under the new pro- 
cedure were planned to give the fatigue strengths corresponding to 
failure at 100,000 cycles and 2,000,000 repetitions of a cycle in which 
the stress varied from tension to an equal compression. 

The specimens were made from the plates of the specimens reported 
in Table 9. The old welds were machined off and the plates were then 
welded as shown in Fig. 8, except that the plates were telescoped 6 in., 
thereby placing the welds at a new location on the 12-in. plates. The 
9-in. plates were reversed, so that the side that had been outside for 
the original specimens became the inside of the new specimens. This 
brought the welds on previously unwelded portions for all plates. The 
welding procedure used for these specimens was the same as for the 


TABLE 9 


FATIGUE STRENGTH: WELDS OF LONGITUDINAL TRIPLE-Pass FILLET-WELD JOINTS 
ConNECTING PLATES; First SERIES 


Number of Fatigue Strength in 1000’s of 
Stress in 1000’s of p.s.i. Cycles for p.s.i. of Throat of Weld* 
Specimen No. of Throat of Weld* Failure 
in 1000’s 
n= 100,000 n = 2,000,000 
43P1 +15.0to —15.0 11.8 nih Ae 3 Spark 
43P2 +12.0to —12.0 82.3 ney 4 Pe 
43P3 +12.0to —12.0 181.4 13.0 “ya 
43P4 + 9.0to — 9.0 507.5 Sila Wail 
43P7 +12.0to —12.0 179.3 12.9 nt 
43P1-2 +12.0to —12.0 29.2 10.2 sate 
43P2-2 +12.0to —12.0 129.5 12.4 a. 
43P3-2 +10.0to —10.0 283.8 11.4 SAE 
43P4-2 + 9.0to — 9.0 250.0 10.1 me 
43P5-2 + 8.0to — 8.0 287.7 9.2 oe 
43 P6-2 + 6.0to — 6.0 4 001.8 did not fail ets 
43 P7-2 + 8.0to — 8.0 2 774.4t ea 8.0+ 
43P8-2 + 9.0to — 9.0 7ia.1 7.9 
43P9-2 + 8.0to — 8.0 3 319.4 8.0+ 
Ave. 11.4 7.8+ 


* Shear stress based upon an area of weld metal computed from the external dimensions of the 
throat of the weld. 
¢ Failed in the outer plate. 
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TABLE 10 


FATIGUE STRENGTH: WELDS OF LONGITUDINAL TRIPLE-Pass FILLET-WELD 
Joints ConNECTING PLATES; SECOND SERIES 


Fatigue Strength 


Number of . , = 
Specimen Stress in Cycles for Me TOO sD ee. Location of 
No. 1000’s of p.s.i.* Failure in Failuret 
1000's 
n= 100,000 | n = 2,000,000 
43P1-3 +13.0 to —13.0 216.4 te | ea Welds 
43 P2-3 +14.0 to —14.0 387.0 18.1 10.23 Welds 
43 P3-3 +14.0 to —14.0 313.6 16.0 9.84 Welds and plate 
43 P4-3 +10.0 to —10.0 1462.2 ase 9.42 Welds and plate 
43P5-3 +10.0 to —10.0 1510.0 9.48 Plate 
43 P6-3 +10.0 to —10.0 1860.8 Mate 9.86 Welds and plate 
43P7-3 +10.0 to —10.0 1460.2 stetets 9.42 Welds and plate 
43 P8-3 +16.0 to —16.0 176.0 5 a fel ict ban ES hn cic Welds 
43P9-3 +16.0 to —16.0 122.0 LGB PS = te Welds 
Ave. 16.8 9.71 


* Based upon area of throat of weld computed from external measurements. 

+ The specimens that withstood a large number of cycles all failed in the plate, although all but 
one also failed in the weld. There is a possibility that the failure of the plates may have shortened the 
life of the welds, thereby reducing F'2 000 000 and increasing the values of K and F100 ow. 


specimens of Table 9 (reported in the lower half of Table 42) except 
for the use of the soft iron wire placed between the plates adjacent to 
the weld to relieve the thermal stresses. The results of the tests are 
given in Table 10. These data plotted to a log-log scale determine the 
S-N diagram (f) of Fig. 8. 

The tests of this series do not satisfactorily determine the position 
of the S-N diagram for the welds, since both the weld and the plate 
failed for all but one of the low-stress tests. For that one test, the weld 
did not fail. There is a possibility that the failure of the plate may 
have shortened the life of the weld. The tests do, however, indicate 
that the fatigue strength of the welds was at least as great as that 
indicated by the lower S-N diagram of Fig. 8. The area of the welds 
for the specimens was usually about 7 sq in., while the area of the two 
plates at the section of failure was 15 sq in. Nevertheless, some speci- 
mens broke in the plate rather than in the weld. 

For the purpose of comparison the values of F100 000, 2 000 000, K, 
and the static strength are given in Table 46 for the three types of 
specimens discussed in this section. The values of the stress are all 
based upon the area of weld metal computed from the external dimen- 
sions of the throat of the weld. 

The values of the strength reported.in Table 46 indicate: 

1. The fatigue strength of the welds was much less for the triple- 
pass welds of the first series than for either the single-pass welds or the 
triple-pass welds of the second series. Moreover, it should be borne in 


BUL. 380. FILLET-WELD, PLUG-WELD, AND SLOT-WELD JOINTS 37 


mind that the tests of the first series, the type in which thermal cracks 
were found, are likely to be very erratic. This is due to the fact that 
the magnitude of the thermal cracks may vary considerably from one 
specimen to another. Therefore the results of the first series should 
not be used as an indication of the fatigue strength but rather as an 
indication of the low strength that might occur and of the erratic 
results that might be obtained with the type of weld and joint used 
in these tests. 

2. The fatigue strength was approximately the same for the single- 
pass welds as for the triple-pass welds of the second series. 

3. Using soft iron wires to separate the plates to be connected with 
a triple-pass weld prevented the first bead from cracking because of 
the thermal stresses and increased the fatigue strength of the weld 
appreciably. 


10. Transverse Single-Pass Fillet-Weld Joints Connecting Plates. 
—This series of tests was planned to determine the fatigue strength of 
transverse single-pass fillet-weld joints connecting plates. The details 
of the specimens are shown in Fig. 9. 

Each specimen was made of two plates 9 in. by 34 in. by 2 ft 4 in. 
and one plate 12 in. by 1 in. by 2 ft 4 in. which were machined and 
welded as shown in the figure. The welding procedure, given in Table 
38, was the same as that used for the specimens of Section 8. The 
chemical composition and mechanical properties of the plates deter- 
mined by mill tests, given in Table 39, were the same as for the speci- 
mens of Section 8. 

The results of the fatigue tests are given in Table 11. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 9. 

The values of the fatigue strength given in Table 11 and Fig. 9 
are based upon an area of weld computed from the external dimensions 
of the throat of the weld. Two other values of the area of the throat 
of the weld were determined: the actual area of fracture; and the 
nominal area based upon the weld size specified on the drawing. The 
three values for the area of the welds are given in columns 2, 3 and 4 
of Table 47. In general the area of fracture was somewhat greater 
than either the nominal area or the area based upon external measure- 
ments of the weld. 

For the purpose of comparison, average values of F100 000; F's 000 000 
and K, based upon the three values of the weld area, are given in 
Table 12. 

The specimens tested on a cycle, zero to compression, failed by 
tearing the welds out of the middle plate as shown in Fig. 10, a typical 
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TasuE 11 


FatiGuE STRENGTH: WELDS oF TRANSVERSE SINGLE-Pass FILLeT-WELD 
JoInts CONNECTING PLATES 


Number of Fatigue Strength in 
Specimen Stress in 1000's Cycles for 1000's of p.s.i.f Type of 
No. of p.s.i. Failure in Fracturet 
1000’s 
n=100,000 | n=2,000,000 

43G1 +16.0 to —16.0 68.0 15.3 Pet B 
43G3 +16.0 to —16.0 133.4 16.6 ior B 
43G2 +14.0 to —14.0 624.4 ane 12.2 A 
43G4 +13.0 to —13.0 472.9 15.7 10.9 B 
43G5 +16.0 to —16.0 401.4 18.9 13.2 B 
43G6 +12.0 to —12.0 497 .2 14.5 10.1 B 
43G19 +11.0 to —11.0 1 110.6 Ae 10.2 A 

Ave 16.2 ies, 
43G9 0 to+25.0 289.1 30.0 Ce B 
43G10 0 to+27.0 115.8 yt oar § Bae A 
43G11 0 to+27.0 393.2 34.1 20.5 A 
43G20 _ 0 to +30.0 185.9 33.3 Aer A 
43G7 0 to +20.0 1 003.4 Ar 17.8 A 
43G8 0 to+20.0 2 126.3 aa 20.0+ A 
43G12 0 to+20.0 488 .4 26.2 15.7 A 

Ave. 30.3 18.5+ 
43G13 +20.0 to +40.0 362.7 43.8 35.6 A 
43G14 +22.5 to +45.0 284.5 48.4 ate A 
43G18 +23.0 to +46.0 61.0 44.4 see es A 
43G15 +23.0 to +46.0 1 285.4 eles 44.6 A 
43G16* +18.0 to +36.0 3 474.64 36.0+ he 
43G17 +18.0 to +36.0 1 865.3 35.8 A 

Ave 45.5 38.0+ 
43G22 0 to —32.0 386.1 36.1 27.6 B 
43G27 0 to —35.0 40.1 32.2 eh B 
43G28 0 to —30.0 372.6 33.8 25.8 B 
43G29 0 to —32.0 40.4 29.5 She B 
43G30 0 to -—31.0 319.7 34.4 26.2 B 
43G21 0 to —27.0 929.0 ere 25.2 B 
43G25* 0 to —15.0 3 743.1+ ce ee aS 
43G26 0 to —25.0 1 984.9 25.0 B 

Ave. 33.2 25.9 


* Specimen did not fail. A 

{ Based upon external dimensions of weld. The stress was taken as the total load divided by 
the throat area of the two transverse fillet welds. 

tA fractures are those in which failure occurred on the 45-degree plane through the throat 
of the weld. B fractures are those in which the weld pulled out of the center plate, as shown in Fig. 10. 


failure for these tests. Even after the welds had entirely separated 
themselves from the center plate their projection into the plate enabled 
the specimen to carry the entire compression load. With this type of 
fracture it was difficult to determine just when the specimen had failed. 
As an indication of failure in these tests, a tension load equal in mag- 
nitude to the compression load was applied by hand-cranking the 
machine at the time the load on the specimen was checked. When the 
specimen would not carry the tension load the specimen was con- 
sidered as having failed. This procedure was not necessary for speci- 
mens that had a tension load in the stress cycle. 

The results of static tests made upon specimens 43G23 and 43G24 
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are given in Table 48. The two specimens 43G25 and 43G16, which did 
not fail when tested in fatigue, were also tested statically; the results 
of the tests are also given in Table 48 along with those of the other 
static tests. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of transverse single-pass 
fillet-weld joints is shown in Fig. 9. 


11. Transverse Triple-Pass Fillet-Weld Joints Connecting Plates. 
—Transverse triple-pass fillet-weld joints connecting plates were 
tested on the two stress cycles: (1) tension to an equal compression 
and (2) zero to compression. 

The details of the specimens are shown in Fig. 11. Each specimen 
was made of two plates 9 in. by 114 in. by 2 ft 4 in. and one plate 
12 in. by 1% in. by 2 ft 4 in. machined and welded as shown in the 
figure. The plates for these specimens were from the same heats as 
the plates for the longitudinal triple-pass welds. The chemical com- 
position and mechanical properties, as determined by mill tests, are 
given in Table 41. The welding procedure was the same as for the 


TABLE 12 
AVERAGE VALUES OF FATIGUE STRENGTH OF WELDS BASED UPON THREE VALUES 
or WreLtp AREA: TRANSVERSE SINGLE-Pass FILLET-WELD 
JOINTS CONNECTING PLATES 


Weld Area Based upon F 00 000* F’2 000 000* K 


Tension to Compression 


External Dimensions 16.2 11.3 0.12 
Fracture Area 11.5 8.6 0.10 
Nominal Size 17.4 12.3 Oe 
Zero to Tension 
External Dimensions 30.3 18.5 Cs) ily/ 
Fracture Area 25.0 19.0 0.10 
Nominal Size 31.3 22.2 0.11 
Tension to One-Half Tension 
External Dimensions 45.5 38.0 0.07 
Fracture Area 50.0 38.0 0.10 
Nominal Size 52.0 37.0 O.1LE 
Zero to Compression 
External Dimensions 33.2 25.9 .08 
' Fracture Area 22.7 L722 0.09 
Nominal Size 35.0 26.5 .09 


* In 1000's of p.s.i. of throat area. 
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Fic. 10. Typican FrActuRE oF TRANSVERSE SINGLE-Pass Fititet-WeELp JOINT 
TESTED ON ZERO-TO-COMPRESSION CYCLE: SPECIMEN 43G-28 


longitudinal triple-pass welds given in Table 42 except that the thermal 
stress was relieved by the use of soft iron wires between the plates. 

The specimens of this series which were tested on a cycle, zero to 
compression, were checked for failure, in the same manner as the speci- 
mens of Section 10, second series. That is, a tension load was applied 
occasionally to determine when failure occurred. A typical fracture of 
a specimen of this series when tested on a cycle, zero to compression, 
is shown in Fig. 12. 

The results of the fatigue tests are given in Table 13. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 11. 

The values of the fatigue strength given in Table 13 and Fig. 11 
are based upon an area of weld metal computed from the external 
dimensions of the throat of the weld. The three values for the area 
of the welds given in columns 2, 3 and 4 of Table 49 are based upon 
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TABLE 13 


Fatiaue STRENGTH: WELDS or TRANSVERSE TRIPLE-Pass FruueT-WELD 
Joints CONNECTING PLATES 


Stress in 1000's of p.s.i. Number of Fatigue Strength in 
Specimen of Throat Area Based Cycles for 1000's of p.s.i. Type of 
No. on External Failure in Fractureft 
Dimensions 1000's 
n=100,000 | n =2,000,000 
43R 1 +12.8 to —12.8 1 159.6 Pits ae A 
43R 2 +18.0 to —18.0 1 197.4 ret 17.1 A 
43R 18 +12.0 to —12.0 2 417.7 Sieve 12.0+ B 
43R 3 +24.0 to —24.0 55.7 22.6 ots A 
43R 4 +22.0 to —22.0 30.6 19.6 A 
43R 5 +22.0 to —22.0 22.1 18.9 A 
43R 6 +15.0 to —15.0 65.9 14.4 A 
43R 15 +15.0 to —15.0 198.7 16.1 A 
Ave. 18.3 13.7 
43R 7* 0 to +35.0 10.5 tay « “ae 4 A 
43R 8* 0 to +25.0 60.7 5 ie ae A 
43R 12 0 to —35.0 85.9 34.5 SS. B 
43R 14 0 to —40.0 51.4 37.4 Rees B 
43R 10 0 to —30.0 442.6 34.8 25.8 B 
43R 13 0 to —35.0 387.6 40.0 29.8 B 
43R 9 0 to —25.0 1 782.9 ae 24.8 B 
43R 11 0 to —35.0 2 719.0 35.0-- B 
43R 19 0 to —27.0 838.8 24.8 B 
Ave. 36.7 28.0 


* Not included in the average because the cycle was zero to tension. ; 5 
+ A-type fractures are breaks through the throat of the weld. B-type fractures are those in which 
the weld pulled out of the middle plate. 


the external measurements, the area of fracture, and the nominal size 
of the weld specified on the drawing, respectively. 

For purposes of comparison, average values of F400 000, F'2 000 000 and 
K, for single-pass and triple-pass fillet welds, based upon the three 
values of the weld area, are given in Table 50. 

The static strengths of transverse welds with a single pass and with 
three passes are compared in Table 51, which gives for both series the 
results of the static tests based upon the three values of weld area. 
The unit static strength was somewhat greater for the single-pass 
than for the triple-pass welds. 

A comparison of the fatigue strengths of single-pass and triple-pass 
welds (Table 50) indicates that the unit fatigue strength was some- 
what greater for the specimens with transverse triple-pass welds than 
for the specimens with transverse single-pass welds. 


12. Combined Longitudinal and Transverse Single-Pass Fuillet- 
Weld Joints Connecting Plates ——The tests of this series were planned 
to determine the fatigue strength of a combined longitudinal and trans- 
verse single-pass fillet-weld joint connecting plates. The details of the 
specimens are shown in Fig. 13. 

Each specimen was made of two plates 9 in. by %4 in. by 2 ft 4 in. 
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and one plate 12 in. by 1 in. by 2 ft 4 in., machined and welded as 
shown in the figure. The welding procedure, which was the same as 
the procedure used for the specimens of Section 8, is given in Table 
38. The plates were from the same heat as the plates for the specimens 
of Section 8. Their chemical composition and mechanical properties 
as determined by mill tests are given in Table 39. 

The results of the fatigue tests are given in Table 14. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 13, all 
of which are parallel and have a common value of K of 0.11. For all 
specimens of this series the initial failure was in the transverse weld. 

The values of the fatigue strength given in Table 14 and Fig. 13 
are based upon an area of weld metal computed from the external 
dimensions of the throat of the weld. The three values for the area of 
the weld given in columns 2, 3 and 4 of Table 52 are based upon the 
external measurements, the area of fracture, and the nominal size of 
weld specified on the drawing, respectively. 


TABLE 14 


FATIGUE STRENGTH: WELDS OF COMBINED LONGITUDINAL AND TRANSVERSE 
SrncGLe-Pass FILLeET-WELD JoInTts CONNECTING PLATES 


Number of Fatigue Strength in 1000’s 
Stress in 1000’s Cycles for of p.s.i.f 
Specimen No. of p.s.i.f Failure 
in 1000's 
n = 100,000 n = 2,000,000 
43H1 —15.0to +15.0 61.1 14.2 “ote 
43H2 —14.0to +14.0 72.9 13.5 ae 
43H3* —14.0to +14.0 72.4 13.5 gdathe 
43H5 —10.0to +10.0 334.4 11.4 6.4 
43H4 —11.0to +11.0 525.0 13.2 9.5 
43H6* —10.0to +10.0 2 391.8 sein 10.0+ 
43H19 —10.0to +10.0 1 664.9 9.8 
Ave 13e1 8.9 
43H7 Oto +24.0 238.2 26.4 ae 
43H8* 0 to +27.0 378.0 SleZ 22.0 
43H11 0 to +29.0 149.8 30.3 bee 
43H20* 0 to +30.0 146.4 31.3 Na 
43H22* 0 to +20.0 310.1 22.7 shat 
43H9 0 to +27.0 521.3 32.4 23.3 
43H10* 0 to +20.0 STL 7 24.2 17.4 
43H12* 0 to +20.0 1 418.6 was 19.3 
Ave 28. 20.5 
43H13* +23.0to +46.0 7x20 45.3 ara 
43H21* +28.0to +56.0 198.8 60.4 irate 
43H14* +23.0 to +46.0 651.2 Fie: 40.6 
43H15* +23.0to +46.0 1 101.6 43.1 
43H16* +18.0 to +36.0 1 608.1 35.2 
43H17* +19.0 to +38.0 2 968.2 38.0+ 
43H18* +20.0to +40.0 2 106.2 40.0+ 
Aye. 53.3 39.6+ 


* Fillet welds were 2.75 in. long for these specimens and 4.00 in. long for all others. é 
+ The value of the stress given is the quotient obtained by dividing the total load on the speci- 
men by the throat area on the 45-deg plane of the six welds as determined by external dimensions. 
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TABLE 15 
AVERAGE VALUES OF FATIGUE STRENGTH OF WELDS BASED UPON THREE VALUES 
oF WELD AREA: COMBINED LONGITUDINAL AND TRANSVERSE SINGLE- 
Pass Fintet-WeELp JoInts CONNECTING PLATES 


Fatigue Strength in 1000’s of p.s.i. 


Weld Area Based upon 


F 00 000 F 2 000 000 K 
Tension to Compression 
External Dimensions 13.1 8.9 0.11 
Fracture Area 12.4 8.6 0.10 
Nominal Size 12.2 8.2 0.10 
Zero to Tension 
External Dimensions 28.3 20.5 0.11 
Fracture Area 25.7 19.4 0.10 
Nominal Size 24.4 18.6 0.10 
Tension to One-Half Tension 
External Dimensions 53.3 39.6 0.11 
Fracture Area 52.5 38.3 0.10 
Nominal Size 49.5 36.3 0.10 


For purposes of comparison, the values of F100 000, F's 000 000 and K 
are given in Table 15 for each of the three stress cycles and for the 
area of the throat of the weld as determined by the three methods. 

The static strength of the two specimens 483H23 and 43H24 is 
given in Table 53. The effect of the ratio of the minimum to the maxi- 
mum stress in the stress cycle upon the fatigue strength is shown by 
the diagrams of Fig. 13. 


13. Combined Longitudinal and Transverse Triple-Pass Fillet- 
Weld Joints Connecting Plates; First Series —This is the third series 
of tests of triple-pass fillet-weld joints connecting plates. Each of 
these series parallels a similar series of single-pass fillet-weld joints. 
The specimens of this series are combined longitudinal and transverse 
triple-pass fillet-weld joints designed to fail in the weld. 

The details of the specimens, shown in Fig. 14, are similar to those 
of the specimens of Section 12 except for the size of the fillets. The 
two series were planned in order to determine the relative strength of 
single-pass and triple-pass fillet-weld joints when tested in fatigue 
and also when tested statically. 

Each specimen was made of two plates 9 in. by 114 in. by 2 ft 4 in. 
and one plate 12 in. by 14% in. by 2 ft 4 in. which were machined and 
welded as shown in the figure. The chemical composition and me- 
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chanical properties of the plates were the same as for the specimens 
of Section 9; they are given in Table 41. The welding procedure was 
the same as for the longitudinal triple-pass welds given in the lower 
half of Table 42. 

The results of the fatigue tests are given in Table 16 and are 
plotted in Fig. 14. It should be noted that these test results are very 
erratic and do not give dependable information as to the fatigue 
strength that may be expected from welds of this type. This is be- 
lieved to be due to the fact that thermal cracks might be present and 
that the magnitude of these thermal cracks may vary considerably 
from one specimen to another. With this in mind, the test results have 
been presented for comparison with those of the other tests of similar 
specimens, in order to give an indication of the low strength possible 
when provision is not made to relieve the thermal stresses. 

The weld area as determined by the three methods — external 
measurement, area of fracture, and nominal size—dis presented in 
Table 54. 

In Table 55 a comparison between the single-pass and triple-pass 
welds is made on the basis of the static strength. The values of the 
static strength based upon the three values of the weld area are given 
for both kinds of welds. 
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TABLE 16 


FatiGguE STRENGTH: WELDS OF COMBINED LONGITUDINAL AND TRANSVERSE 
TrIPLE-Pass FILLet-WELD JOINTS CONNECTING PLATES; FIRST SERIES 


Nuambertot Fatigue ea in 1000's 
ee 7 Stress in 1000's Cycles for on 
Specimen No. of p.8i “Failure 

in 1000's F 100 000 F'2 000 000 

435-1 +10.0to —10.0 187.1 10.14 Li Se 
438-2 +10.0to —10.0 POLL Es elie? Bees, 9.81 
435-3 +11.0to —11.0 47.0 10.83 aed 
438-4 + 8.0'to —°8.0 POS (2 oy eer ent: 8.00 
438-5 + 8.0to — 8.0 67.8 7.94 oy et 
435-6 + 8.0to — 8.0 dL: 99650) | = che gee sae rane 8.00 
438-8 +11.0to —11.0 993: On aie Boe 10.84 
438-9 +10.0to —10.0 7736 See alee eee oe 9.81 

Ave. 9.63 9.29 


* Stress is the total load divided by the area of the throat of the welds as determined from their 
external dimensions. 


Because of the possibility that the low strength of the triple-pass 
welds might be due to cracks resulting from thermal stresses, supple- 
mentary tests were made on a group of six specimens, the tests being 
planned to determine whether thermal cracks occurred in the longi- 
tudinal welds of the triple-pass fillets. Each of the specimens for 
these tests, numbers 1 to 6 inclusive, was made of two plates 6 in. 
by 144 in. by 9 in. and one plate 12 in. by 1% in. by 9 in. The plates 
were assembled and connected with fillet welds in the same manner 
as for the central portion of the fatigue specimens shown in Fig. 14. 

Each of the six specimens was prepared in a different manner. 
Each weld of specimen 1 had only one pass; each weld of specimen 2 
had two passes; and each weld of specimen 3 had three passes — in 
fact, it was a triple-pass weld placed in the same manner as the 
welds of the fatigue-type specimens of Fig. 14. Specimens 4, 5, and 
6 had only one pass for each weld. Specimen 4 had a piece of soft iron 
wire placed between the plates at each weld to permit the weld to 
shrink as it cooled without producing excessive thermal stresses in 
the weld. Specimen 5 had beads that were larger than the %4,-in. 
single-pass welds of the fatigue specimens. Specimen 6 had the outer 
plates split on their longitudinal centerline in such a way as to per- 
mit each half-plate to rotate about its welded edge, thus possibly 
reducing the thermal stress in the weld. The welding procedures for 
specimens | to 6 are reported in Table 56. 

After the specimens had been welded, each was magnafluxed in 
order to determine whether any thermal cracks had been formed. 
Since the roughness of the weld surfaces made it difficult to distinguish 
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where the cracks were, the surface of the weld was machined smooth 
and again magnafluxed. The results of the magnaflux tests are given 
in Table 57 for all four welds of each specimen. After the second 
magnaflux test had been made, a staining penetrating liquid was 
blown into the cracks. The welds were sheared statically in a testing 
machine in order to determine the shearing strength of the throat of 
the weld. The stain on the fracture showed cracks at points indicated 
by the magnaflux tests. 

The results of the static tests are given in Table 58. The strongest 
specimen, number 4, was the one in which the soft iron wires were 
used to prevent the formation of high thermal stresses. The thick- 
ness of the soft iron wires was measured to determine the amount by 
which the wires were flattened by the thermal stresses. The flattening 
decreased from approximately 0.015 in. at the crater to approxi- 
mately 0.005 in. at the opposite end. Not only were the wires flattened, 
but they made an indent in each plate that ranged up to about 0.004 
in. deep. The greatest flattening of the wire was at the crater end of 
the weld where cracks in the other specimens had been indicated by 
the magnaflux. 

A second series of tests was made on combined longitudinal and 
transverse triple-pass welds for which the thermal stresses were 
relieved by separating the plates with soft iron wire while the beads 
were being laid. These tests are reported in Section 14. 


14. Combined Longitudinal and Transverse Triple-Pass Fillet- 
Weld Joints Connecting Plates; Second Series—The tests of combined 
longitudinal and transverse triple-pass fillet-weld joints described in 
Section 13 indicated that thermal cracks had formed in the triple- 
pass welds and affected their strength. Tests were therefore carried out 
on specimens similar to the specimens of Section 13 except that pro- 
visions were made to relieve the thermal stresses which would other- 
wise result from the welding by placing small soft iron wires between 
the plates at each of the edges to be welded before the welds were 
made. The details of the specimens are the same, except for the stress- 
relieving provision, as for the specimens of Section 13, shown in 
Fig. 14. 

The specimens were made from the plates that had been used for 
the specimens of Section 13. The weld metal was machined off and the 
plates were welded together as shown in Fig. 14 except that they were 
telescoped 6 in., thereby placing the welds at a new location on the 
12-in. plates. The 9-in. plates were reversed so that the side that 
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had been outside for the previous specimen became the inside of the 
specimen of the present series. The welding procedure used for the 
specimens of this series was the same as that given in the lower part 
of Table 42 except that soft iron wires were placed between the plates 
to relieve the stress. 

These tests were planned to give the fatigue strength corresponding 
to failure at 100,000 cycles and at 2,000,000 cycles with the stress 
varying from tension to an equal compression. 

The results of the tests are given in Table 17. These data plotted 
to a log-log scale determine the full-line S-N diagram of Fig. 15. 


TABLE 17 


Fatigue STRENGTH: WELDS OF CoMBINED LONGITUDINAL AND TRANSVERSE 
TripLe-Pass Fintet-WeLp Joints CoNNECTING PLATES; SECOND SERIES 


Fatigue au 
AY ERSEE, Number of in 1000's of p.s.i. 
Specimen ions me Cycles for Shear on Weldt Location 
No. Shear on Weld Failure in of Failure 
1000's 
n =100,000 | n = 2,000,000 
4351-2 +13.0 to —13.0 200.9 15.05 Sasa pet plate and 
welds 
4382-2 +15.0 to —15.0 94.9 14.70 weer Welds 
4383-2 +15.0 to —15.0 80.6 14.32 RSS Welds 
4354-2 10.0 to —10.0 840.9 Ps Tee os 8.36 Center plate 
4385-2 +10.0 to —10.0 SOGOU AMIE ects 8.26 Welds 
4386-2 +10.0 to —10.0 582.7 14.50 beer gs Center plate 
4387-2* + 9.0to — 9.0 Ba0 ay Ul aciieics Leet Outer plate and 
welds 
4388-2 + 9.0to — 9.0 iL O28 Onis ae. te te 7.82 Center plate 
4359-2 +15.0 to —15.0 119.8 15.58 aaa Welds 
Ave. 14.83 8.04 


* Specimen 4387-2 is not included in the averages because upon examination of the fractured 
plate it was found that the plate had been cracked before the specimen was welded. 
t Based on area of throat computed from external dimensions of weld. 
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The values are all based upon an area of weld metal computed from 
the external dimensions of the throat of the weld. The tests of this 
series do not satisfactorily determine the position of the S-N diagram, 
since several failures occurred in the plates. The tests do, however, 
indicate that the fatigue strength of the welds was at least as great as 
that indicated by the full-line S-N diagram of Fig. 15. The area of the 
welds for the specimens was usually about 9.5 sq in., while the area of 
the plate at the section of failure was 18 sq in. Nevertheless, many 
specimens failed in the plate. 

Specimen 4387-2 was not included in the averages because, upon 
examination of the fractured plate, it appeared to have had small 
cracks present before the plates were welded. This is quite possible, 
since the plates had been previously used in the tests of the first series. 

For the purpose of comparison, average values of F100 000, /’2 000 0005 
K, and the static strength are given in Table 59 for combined longi- 
tudinal and transverse single-pass welds and triple-pass welds of both 
series 1 and series 2. These values are all based upon the area of weld 
metal computed from the external dimensions of the throat of the weld. 

The data in Table 17 indicate that the use of a soft iron wire to 
relieve some of the thermal stresses in a weld did increase the fatigue 
strength of the weld. However, the results obtained from the first series 
were very erratic, and it is difficult to compare the test results other 
than to say that the stress-relieved welds were stronger than those not 
stress-relieved. 


15. Transverse Fillet-Weld Tee-Joints Connecting Plates—The 
tests described in this section were planned to determine the fatigue 
strength of the tee-joint shown in Fig. 16 when tested on the three 
stress cycles: (1) tension to an equal compression, (2) zero to tension, 
and (3) tension to tension one-half as great. 

Each specimen was made of two plates 7 in. by 34 in. by 1 ft 3% in. 
and one plate 2 in. by % in. by 7 in. which were machined and welded 
as shown in the figure. The plane of rolling for the tee-plate was 
specified to be parallel to the line of stress in order to insure against 
failure by the opening of laminations. For the last eight specimens 
tested, the plane of rolling for the tee-plate was normal to the line of 
stress; nevertheless, none of the specimens failed because of the open- 
ing of laminations. 

The welding procedure used for the specimens of this series is 
given in Table 60. The chemical composition and mechanical prop- 
erties of the plates as determined by the mill tests are given in 


Table 61. U. OF I. 
LIBRARY 


52 ILLINOIS ENGINEERING EXPERIMENT STATION 


Vt 


PRE PLE ULE 1B, 2X8 'X 1°38 


(a) 


1R- 2X E47; 2 Fillet Weld, 
Flare of Rolling far Near & Far Side 
alle! to Line of Stress. 


S 


Sas 


No 
8 


~~ 


%%  S 
Sy 


Stress lr 10005 of 1b Per sg. 1? 


50 40 60 80 100 200 300 400 600 8001000 2000 3000 
Cycles for Failure tr Thousands 


ae 
ee A. [is Se a 
PRL Chere 


Nie Wee oe 1? ee 1? “00's oy ‘b per e on 


Numerteadlly Maxtintuta Stress 
In Cycle Ip 10005 of 1b. per sq. 1/2. 
(Whether Tension, Compressior, ar Shear) 


Points to left of Origin represent Potrts to right of Origin represent 
cycles in which minimum and lmax- cycles in which tmininunm and tnax- 
linuin stresses are of ogposite sense, /muta stresses are Of sai7e serse. 


Fic. 16. Transverse Finuet-Wetp Trs-Jornts Connectina PLates — 
Specimen, S-N DracraM FoR THE WELDS, AND Errect 
or Ratio or Minimum to MAxIMuUM STRESS 


BUL. 380. FILLET-WELD, PLUG-WELD, AND SLOT-WELD JOINTS 53 


The results of the fatigue tests are given in Table 18. These data 
plotted to a log-log scale determine the S-N diagrams of Fig. 16, all 
of which are parallel and have a common value of K of 0.25. 

The values of the fatigue strength given in Table 18 and Fig. 16 
are based upon an area of weld metal computed from the external 
dimensions of the throat of the weld. A second value, the actual area 
of the weld as determined by the area of the fracture, is influenced 
by the penetration; it might be either larger or smaller than the area 
based upon the external dimensions. A third value of the area of the 
weld, the one that is used by the designer, is based upon the nominal 
size of the weld specified on the drawing. The agreement between the 
three values of weld area would depend upon the skill and accuracy 
with which the operator produces the welds specified. 

For purposes of comparison, the values of Foo 000, F's 000 000 and K 
are given in Table 62 for each of the three stress cycles and for each 
of the three methods of determining the weld area. 

The specimens of this series generally failed on a 45-deg plane 


TABLE 18 


FaTIGuE STRENGTH: WELDS oF TRANSVERSE FILLET-WELD TEE-JOINTS 
CONNECTING PLATES 


pce ky of Fatigue Pee 1000's 
yee Stress in 1000’s ‘vcles for of p.s.i. 
Specimen No. of p.s.i.* Failure 
in 1000's 
n = 100,000 n = 2,000,000 
43M1 +12.0to —12.0 201.9 14.3 Bee 
43M2 +13.0to —13.0 101.6 13.0 a 
43M3 +13.0to —13.0 84.4 12.5 ee 
43M4 + 8.0to — 8.0 598.5 12.5 5.91 
43M5 + 9.0to — 9.0 599.8 14.1 6.65 
43M6 + 8.0to — 8.0 781.2 Satie 6.33 
43M20 + 7.0to — 7.0 1 106.6 6.03 
Ave. 13.3 6.23 
43M7 0 to +20.3 96.7 20.2 ids 
43M8 0 to +20.3 118.7 21.2 pane 
43M9 0 to +20.0 69.6 18.3 ‘ae 
43M10 0 to +14.0 196.0 16.6 Rae 
43M11 0 to +11.0 736.0 nae 8.55 
43M12 Oto +12.0 918.2 9.87 
43M19 0 to +12.0 861.1 9.71 
43M21 0 to +10.0 2 923.4 10.00+ 
43M22 0 to +10.0 4 326.2t 10.00+ 
Ave. 19.1 9.63+ 
43M13 +14.0 to +28.0 212.5 33.8 ans 
43M14 +15.0 to +30.0 313.9 39.9 18.90 
43M16 +12.0to +24.0 682.0 ores 18.32 
43M17 +11.0 tos +22.0 668.5 16.72 
43M18 +10.0 to +20.0 1 555.9 18.79 
Ave. 36.9 18.18 


* The value of the stress given is the quotient obtained by dividing the total load on the speci- 
men by the throat area on the 45-deg plane of two welds. Actually there is a complex combination 
of shear and flexural stresses. 

t Specimen did not fail. 
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through the throat of the weld. There is no satisfactory method of 
computing the stress on this section accurately. A nominal stress 
equal to the axial load in the body of the specimen divided by the 
area of a 45-deg section of the throat of the weld has been reported. 

Static tests were made on three specimens (483M15, 43M23, and 
43M24) for which the ultimate loads were 135,240, 129,110 and 
120,560 lb, respectively. These correspond to a unit stress on the 
throat of the weld of 66,300, 70,100 and 59,500 p.s.i., respectively, 
based upon the external dimensions of the weld; 61,200, 68,600 and 
57,300 p.s.i. based upon the area of the fracture of the weld; and 
76,500, 73,000 and 68,700 p.si. based upon the dimensions of the 
weld specified in Fig. 16. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of the transverse fillet-weld 
tee-joint is shown by the diagrams of Fig. 16. 


16. Longitudinal Slot-Weld Joints Connecting Plates—The tests 
of this series were planned to determine the fatigue strength of the 
type of slot-weld joints with longitudinal slots shown in Fig. 17. 

Each specimen was made of two plates 10 in. by 34 in. by 2 ft 7 in. 
and one plate 10 in. by 1% in. by 2 ft 7 in. which were machined and 
welded as shown in the figure. The chemical composition and the 
mechanical properties of the plates, as determined by mill tests, are 
given in Table 63. The welding procedure is the same as the pro- 
cedure used for the plug-weld specimens of Sections 5 and 6 and 
given in Table 32. 

It was not possible to produce failure at less than 1,000,000 repeti- 
tions of a cycle in which the stress on the specimen varied from 
tension to tension one-half as great, because the necessary load 
exceeded the capacity of the 200,000-lb machines. The specimens 
originally scheduled for this eyele and for failure at 100,000 repeti- 
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tions were, therefore, tested on other cycles: tension to tension one- 
third as great, and tension to tension one-quarter as great. 

The results of the tests are given in Table 19. These data plotted 
to a log-log scale determine the full-line S-N diagrams of Fig. 18, all 
of which are parallel and have a value of K of 0.31. 

The manner of failure was not the same for all specimens. For 
those tested on a reversed-load cycle in which the maximum stress 
exceeded 12,000 p.s.i. shear on the weld, the final failure was in the 
weld. For all other specimens the final failure was in the outer plates, 
along line CD of Fig. 17, although there were indications that the 
primary failure was in the welds. The welds of several specimens 
which had failed in the plates were treated with a staining agent and 
then sheared statically. A large portion of the resulting fracture of 
slot A, Fig. 17, was found to have been stained, indicating that this 


TABLE 19 


FatTiGuE STRENGTH: WELDS OF LONGITUDINAL SLOT-WELD JOINTS 
CONNECTING PLATES 


oe of Fatigue poength ae 
. Shear on Weld in 1000’s ‘ycles for p.s.i. Shear on the We 
Specimen No. ol DAA Failure 
in 1000’s 
F i100 000 F’2 000 000 
43N-2 +12.0to —12.0 291.2 LG. 7 athe he oe 
43N-4 +10.0to —10.0 409.7 15.5 6.11 
43N-5 + 8.0to — 8.0 1 043.1 nae, 6.46 
43N-6 + 8.0to — 8.0 844.9 6.12 
43N-22 + 7.0to — 7.0 bts 3d 5.85 
Ave. 16.1 6.13 
43N-7 0to +18.0 287.6 PAU Se Ven OW 
43N-8 0 to +20.0 371.5 SOLOe Pe Gls 0 9 atrrete 
43N-9 0 to +24.0 218.1 Oa ge ee tee 
43N-10 Oto +15.0 821.7 Peale 11.3 
43N-11 0 to +14.0 920.8 11.0 
43N-12 0 to +14.0 1 072.9 Ligsd 
43N-19 0 to +13.0 1 025.3 Siena 10.6 
43 N-20 0 to +24.0 129.0 20. Ole lS Mceme oen 2 
Ave. 27.9 th ee 
43N-13 +12.0to +24.0 1 908.7 23.7 
43N-14 +12.0to +24.0 1 529.6 22.1 
43N-15 +12.0to +24.0 1 248.5 20.8 
Ave. 22.2 
43N-16 + 6.0 to +18.0 2 375.9 onde 18.0+ 
43N-17 + 6.0 to +24.0 436.9 37.9 15.0 
43N-18 + 4.5 to +18.0 1 061.5 os 14.8 
Ave. 37.9 14.9 
43N-1 +15.0 to —15.0 36.0t Se Heed ae ae 
43N-3 +14.0 to —14.0 46.3t ae A Mule gi hors 
43N-21 +13.0to —13.0 75.6T RS eT a Cie ts 


* Based on nominal area of slot. , : : oe 

+ No value of F'100 00 has been reported for these tests, as there is considerable evidence indi- 
cating that the S-N diagram is nearly horizontal for values of N below 100,000. See broken line, S-N 
diagram of Fig. 18. Final failure was in the slot-welds. For all other specimens, final failure was in 
an outside plate, at CD, Fig. 17. 


56 ILLINOIS ENGINEERING EXPERIMENT STATION 


50 
ue 40 
SY 30 
NS 
os 
Nanas 
S 8 
> 
8 
vk /0 
Xx 8 For the Welds — }{- 
ne) ased upor Normital 
8 6\— 14 Area of Sior 
S 

ee 50 
Se 
ne 
» 
SX 
S & /0 
She 
oS 6 
v 
ERS 
Yo ¢ 

S 

KR 3 

2055 S040 60 80 /00 200 300 400 600 8001000 2000 3000 


Cycles for Fatlure ir Thousands 


Zero fo Jensiorn 


Numerically Maxiinurm Stress 
In Cycle tra 1000's of 1b. per sq. Ir. 
(Whether Tension, Compression, ar Shear) 


Bier eTESE 
BERENS ZB Ea. 


ipo Meroe Spas ip pee i? “000 ay ( fer S ye 


» Points to lett of Origin represent 
cycles in which titiinutn and max- 
lindin stresses are of opposite sense, 


Points to right of Origin represent 
cycles In which tmininum and max- 
/mum stresses are of sare sense. 


Fic. 18. PLiares Connectrep witH LoNncirupINAL SLor-WerLps — S-N Dracrams 
FOR THE WELDS AND FOR THE Puates, AND Errect or Ratio 
or Minrmum To MAxiIMuM STRESS 


BUL. 380. FILLET-WELD, PLUG-WELD, AND SLOT-WELD JOINTS 57 


part of the fracture was a fatigue fracture and that the slot weld had 
broken almost completely through during the fatigue test and before 
the plate failed. It was also noted that relative motion between the 
plates developed before the outer plates failed, an indication that the 
initial fracture may have been in the welds for all specimens. It 
should be noted, therefore, that although the full-line S-N diagrams 
of Fig. 18 show the relation between the number of cycles for failure 
and the shearing stress on the welds, actually many of the specimens 
failed in the plate. The indications, however, were that failure of the 
weld had either begun or was impending. 

The dotted-line S-N diagram of Fig. 18 represents the three tests 
for which final failure was in the welds. The value of K for this 
diagram is 0.16. 

The outline of each slot was traced upon paper before the plates 
were welded, and the area of the slot was obtained with a planimeter. 
The measured area of the slots exceeded the nominal area for all speci- 
mens, the difference varying from 0.5 percent to 5.5 percent. The 
nominal area of the slots, which was 8.53 sq in. for all specimens, 
was used as the area of the weld in determining the unit shear on 
the weld. 

The specimens were about equally likely to fail in the plates and 
in the welds. S-N diagrams based upon the gross area of the plates 
are therefore given in Fig. 18. All the specimens have been included 
in this figure even though three failed in the welds, since, for these, 
cracks were found on the inside of the outer plates at the end of the 
slot welds. 

Two fatigue-type specimens were tested statically; the results 
of the tests are given in Table 64. Both of these specimens failed by 
shearing the welds without tearing the plates. This indicates that, as 
was to be expected, the stress concentration due to the longitudinal slot 
weld at the center of a plate was more serious in the fatigue test than 
in the static test. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of the slot-weld joints is 
shown by the diagrams of Fig. 18. 


17. Transverse Slot-Weld Joints Connecting Plates—The tests 
of this series were planned to determine the fatigue strength of 
transverse slot-weld joints connecting plates. The details of the 
specimens are shown in Fig. 19. Each specimen was made of two 
plates 10 in. by 34 in. by 2 ft 4 in. and one plate 10 in. by 1% in. by 
2 ft 4 in. which were machined and welded as shown in the figure. 
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The plates were from the same heats as the plates for the specimens 
of Section 16; their chemical composition and mechanical properties, 
as determined by mill tests, are given in Table 63. 

The specimens were designed to fail in the welds; but, as indicated 
by the results of the tests, failure occurred in the outer plates for some 
specimens, in the welds for other specimens, and in both the plates 
and the welds for still others. The results of the tests have been ex- 
pressed in terms of the nominal area of the welds. 

The results of the tests are given in Table 20. These data plotted to 
a log-log scale determine the S-N diagrams of Fig. 20, all of which are 
parallel and have a value of K of 0.22. 

A record was made of the outline of each slot before welding, but 
as the difference between the nominal and the measured values of the 
area of the slots was small, the measured values have not been 
reported. 

Some of the specimens failed in the welds and others in the plates. 
It would seem therefore that the total fatigue strength of the two parts 
had very nearly the same value, and S-N diagrams showing the 
fatigue strength of both the plates and the welds have been drawn, 
using the data from each test for both diagrams. The S-N diagrams of 
Fig. 20 for the welds have already been referred to. The S-N diagrams 
for the plates, also given in Fig. 20, are based upon the gross area of 
the plates. As stated previously, all tests have been included in Fig. 20, 
whether the failure was in the welds, in the outer plates, or in both 
the welds and the outer plates. 

The results of static tests of fatigue-type specimens are reported 
in Table 65. Both specimens failed by shearing the welds, but an ex- 
amination of the plates revealed that one specimen had also started to 
crack in the plate. This indicates that the stress concentration at the 
center of the plate due to the transverse slot weld reduced both the 
static and the fatigue strengths of the plate. 
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The static and fatigue strengths of the longitudinal and transverse 
slot-weld joints of Sections 16 and 17 are compared in Table 21. It is 
apparent from this table that both the static and the fatigue strengths 
are lower for the joints with transverse slot welds than for the joints 


TABLE 20 
Fatigue STRENGTH: WELDS OF TRANSVERSE SLoT-WELD JOINTS 
CONNECTING PLATES 


Number of Fatigue Strength 
Specimen Stress in Cycles for in 1000's of p.s.i.* Location of 
No. 1000’s of p.s.i.* Failure in e Fracture 
1000's 
F \00 000 F'2 000 000 
430-7 + 8.0 to — 8.0 255.0 9.83 E Mes Welds 
430-8 + 9.0to — 9.0 196.8 10.48 ae ae Welds 
430-9 +10.0 to —10.0 124.7 10.52 Pac Welds 
430-10 + 6.5to — 6.5 473.5 9.15 4.74 Welds 
430-11 + 6.0 to — 6.0 ZOO. ay lh oi aecace 6.00+ Plates 
430-12 + 6.0to— 6.0 POO Ey Alhae sad. 6.15 Plates 
430-20 + 6.0 to — 6.0 IESS Lea Bie denew ts: 5.47 Welds and plates 
430-22 + 6.0 to — 6.0 ERS Sa ere 5.08 Plates 
Ave. 10.00 5.29 
430-1 0 to+17.0 158.5 18.8 Me op Welds 
430-2 0 to+17.0 244.9 20.7 ‘ah Welds and plates 
430-3 0 to+12.0 GAD Be is waders 10.1 Plate 
430-4 0 to+15.0 270.1 18.7 Veron Welds 
430-5 0 to+12.0 OIG. Ur. fr “aces 10.1 Welds and plates 
430-6 0 to+12.0 B405LA Te ae 10.1 Plate 
430-19 0 to+11.0 NE SLS AO, Malmo! See 10.4 Plate 
430-21 0 to+18.0 239.5 21.8 on Welds and plates 
Ave. 20.0 10.2 
430-13 12.0 to +24.0 PST ee Mil Soc e>, 23.6 Welds and plates 
430-14 +10.0 to +20.0 BiOLR S20 Wo rire t 20.0+ Plate 
430-15 +10.0 to +20.0 GR Eid ml breereren 18.3 Plates 
430-16 +12.0 to +24.0 562.4 35.1 18.1 Plates 
430-17 +12.0 to +24.0 CLES S el Nie waco 19.5 Welds and plates 
430-18 +10.0 to +20.0 UNS 2202 mere ac 18.3 Plates 
Ave. 37.9T 19.6 


* Shear based on nominal area of slot. : 
+ This value was computed from the average value of F200 000-8) by use of the equation 


2 000 000 \ 2-8 


with longitudinal slot welds. The value of K is also smaller for the 
specimens with transverse welds than for the specimens with longi- 
tudinal welds. 

The effect of the ratio of the minimum to the maximum stress 
in the stress cycle upon the fatigue strength of transverse slot-weld 
joints connecting plates is shown by the diagrams of Fig. 20. 


18. Plate with Hole Filled with Weld Metal—Holes are some- 
times drilled or punched in large plates for convenience in handling 
them during erection or fabrication. After they have served their 
purpose, the holes are filled with weld metal. This being the practice 
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TABLE 21 


COMPARISON OF FATIGUE AND Sratic STRENGTHS OF WELDS OF LONGITUDINAL AND 
TRANSVERSE SLoT-WELD Jorints ConNECTING PLATES 


Fatigue Strength in 1000’s of p.s.i. tots 
Shear on Weld* Streraik an 
Load Cycle on Plates be Wo eh eee ee oe Ca od 1000’s of 
: p.s.i., Area 
F100 000 F 2 000 000 K of Slot* 


Longitudinal Slot-Weld 


Tension to an Equal Compression 16.1 6.13 OFS eens 
Zero to Tension 27.9 ii Wat 0.31 54.88 
Tension to One-Half Tension 56.17 22.2 OF Sie, Lv @- @ ae. 


Transverse Slot-Weld 


Tension to an Equal Compression 10.0 5.29 O22 28 Ota Se eee. 
Zero to Tension 20.0 10.2 0.22 49.60 
Tension to One-Half Tension 37.9T 19.6 0522) Soleo be s2 


* Based on nominal area of slot. 
tj Computed from 22.2 and 19.6 by use of the equation F=S(N/n)¥. 


of some engineering firms, it seemed desirable to determine the in- 
fluence of these filled holes upon the strength of the plates. Thirteen 
specimens of the type shown in Fig. 21 were tested on a cycle in which 
the stress varied from zero to tension and with stresses of such magni- 
tude that failure occurred below 200,000 cycles. Some of the specimens 
were tested with the weld reinforcement on, others with the reinforce- 
ment ground off flush with the surface of the plate. 

The welding procedure was as follows. A steel disc was pressed 
into the hole midway between the two surfaces of the plate, to serve 
as a dam. The weld was built up on this disc, successive layers being 
placed on opposite sides. Eight passes with a 4.-in. electrode were 
used for specimens 2, 3, 4, 6, 7, and 8; nine passes of the same size elec- 
trode were used for specimen 5; and seven passes with the same size 
electrode were used for specimens 9 and 10. Seven passes with a *4 g-in. 
electrode were used for specimens 11, 12 and 13. All electrodes were 
AWS 6010. For the %45-in. electrodes the voltage was 25 to 35 and the 
amperage was 90 to 140. For the *4,-in. electrodes the voltage was 
30 and the amperage was 110 to 170. 

The results of the fatigue tests are given in Table 22. These data 
are plotted to a log-log scale in Fig. 21. 

The specimens of this series are similar to the plug-weld specimens 
of Section 7, and in Fig. 21 the results have been compared with the 
results of that series. The fatigue strength of plates with holes filled 


62 ILLINOIS ENGINEERING EXPERIMENT STATION 


ol 


gad 


/4"% Welded Hole w IR. 12°X EX 4-0" 


(a) 


S 


Stress Cycle 
Zero to Tension 


°-Weld Reinforcement OFF, (Spec. Nos. Z, 
10 °©-As Welded, (Spec. Nos. 5, 6,8 Z) 


8 2nd Group — 
6 


Tension on the /ate 
dy» 
S 


Stress in 10005 of 1a per sq. in, 


6 8 /0 CO = SONA. 60 80 100 200 300400 600 8001000 
Cycles for Failure in Thousands 


Fic. 21. Puate ContTaINnInG A Hote FILLED WITH WELD Mertat — 
SPECIMEN AND S-N D1acramMs 


with weld metal was very nearly the same as the fatigue strength 
of the outside plates of the plug-weld joints of Section 7. Grinding off 
the reinforcement did not appear to have affected the fatigue strength 
of the plates with holes filled with weld metal. 

All the fatigue specimens failed at the edge of the plug where the 


TABLE 22 
Fatiaur StrenctuH: Puatres with Howes FIttep with Weip Meta 
Specimen Stress in 1000's of p.s.i. Number of Cycles : 
No. of Gross Section of Plate for Failure Reinforcement 
2 0 to +32.0 25 600 Off 
3 0 to +32.0 6 700 Off 
4 0 to +38.0 9 100 Off 
5 0 to +32.0 25 200 On 
6 0 to +32.0 40 200 On 
7 0 to +38.0 13 900 On 
8 0 to +20.0 164 200 Off 
9 0 to +20.0 158 100 Off 
10 0 to +30.0 * 24 800 Off 
11 0 to +20.0 141 800 Off 
12 0 to +30.0 35 000 Of 
13 0 to +30.0 53 600 On 


All fractures had the same general appearance as the sample cut from Specimen 12 and shown 
in Fig. 22. 
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Fig. 22. Typrcau Faticun Fracture — PLATE ConTAINING 
A Hote FILLED witH WELD Meta 


first weld bead of every specimen started and stopped. Cracking in 
the specimen always started at mid-thickness of the plate, at the edge 
of the weld, and followed the plug for a short distance before extending 
to the edge of the plate. 

The specimens were received in two groups, the first consisting of 
those numbered from 2 to 7 inclusive, and the second group of those 
numbered from 8 to 13 inclusive. Although the magnaflux test showed 
that all specimens of the second group contained flaws, the fatigue 
strength was as great for these specimens as it was for the plug-weld 
specimens of Section 7. The unfused dam, visible in Fig. 22, is a geo- 
metrical stress-raiser severe enough to cover the effect of the other 
stress-raisers. 


19. Fatigue Strength of Moment-Resisting Fillet-Weld Joints: 
Welds Parallel to Plane of Moment.—The specimens of this series, 
detailed in Fig. 23, consist of moment-resisting joints in which the 
fillet-welds are parallel to the plane of moment. The moment on the 
specimen was produced by a vertical force applied at the end of a 
horizontal lever bolted to the joint and at a distance of 84 in. from 
the weld. The tests were planned to give the fatigue strength of the 
specimen corresponding to failure at 100,000 and 2,000,000 cycles when 
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tested on the three cycles for the stress in the upper part of the joint: 
(1) tension to an equal compression, (2) zero to tension, and (3) ten- 
sion to tension one-half as great. 

Each specimen was made of one plate 10 in. by 2 in. by 1 ft 2 in. 
and one plate 12 in. by 1 in. by 1 ft 5 in., machined and welded as 
shown in the figure. A small shim was placed between the plates before 
welding, in order to leave a small clearance between the two parts. 
With this shim in place, the compression due to the moment was not 
resisted entirely by the welds. 

The original plan called for a *-in. vertical weld, but since the 
strength of this joint exceeded the capacity of the 50,000-lb fatigue 
machines a 4 ,-in. weld was used instead. The bead was laid in the 
vertical position, beginning at the top and working down. This pro- 
cedure gave a concave weld with a throat area considerably smaller 
than that of a standard %4,-in. fillet weld. The area of fracture was 
measured for nearly one-half of the specimens tested, and since in 
general it was approximately 0.60 of the theoretical throat of a 4 ,-in. 
weld, this value was used in computing the stress on the weld. 

The welding procedure used for the specimens of this series is given 
in Table 66. The chemical composition and mechanical properties of 
the plates as determined by mill tests are given in Table 67. 

The computation of the exact stress in the welds would be very 
complicated if not impossible. The unit stresses reported in Table 23 
will be applicable for the use of a designer only insofar as he adopts 
the following pattern in his design calculations:1 The extreme fiber 
stresses in the welds at the top of the joint are computed first as a 
“resistance per vertical inch” of joint. This resistance is then converted 
into a stress on the weld throat by arbitrarily making the same as- 
sumption as for fillet-welded joints in general—viz., that the force 
divided by the throat area per inch length of weld is the unit weld 
stress, regardless of direction. 

Inasmuch as a small shim was inserted between the two plates at 
the bottom before welding and could not afterward be removed, the 
compression at the bottom of the joint was taken partly in bearing. 
Approximate calculations of the bending resistance (section modulus) 
of the two welds, with and without allowance for these shims, indicate 
that a reasonable procedure is to compute the weld stress as if the 
weld took all of the compression, and then to reduce it by 5 percent. 

1 This method was developed by Jonathan Jones, Chairman of the Committee on Fatigue 


Testing (Structural) of the Welding Research Council of the Engineering Foundation, and was 
used by that Committee in presenting the data of this Section in their Report No. 4. 
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TABLE 23 


FATIGUE STRENGTH: WELDS OF MoMENT-RESISTING FILLET-WELD JOINTS 


DESIGNED TO Fatt IN WELD 


Stress based on a throat area equal to 0.60 of the nominal throat area of a 


%e-in. fillet weld; see page 65 


“a ae aoe? of Fatigue Senet in 1000's 
, : Maximum Flexural Stress ycles for of p.s.i. 
Specimen No. in 1000's of p.s.i. Failure 
in 1000's 
n= 100,000 n = 2,000,000 
43J-1 +16.0 to —16.0 3 104.8 aoe 16.0+ 
43J-2 +24.4 to —24.4 168.4 26.1 aie 
43J-3 +23.9 to —23.9 300.1 27.6 18.7 
43 J-4 +19.1to —19.1 1 554.0 Sie 18.5 
43J-5 +31.8 to —31.8 3.3 ony + See 
43J-6 +19.1to —19.1 1 219.8 get! 17.9 
43J-20 +27.1to —27.1 229.7 30.2 Pons 
43J-21 +28.8 to —28.8 42.0 25.7 Ces 
43 J-22 +19.2 to —19.2 434.2 23.2 15.7 
43 J-23 +19.2 to —19.2 729.6 eee 16.8 
Ave 26.6 17.3 
43J-7 Oto +43.3 222.0 49.6 va 
43J-8 0 to +43.3 197.5 48.5 wee 
43J-9 0 to +46.3 58.3 42.3 ante 
43J-10 0 to +32.0 646.4 mae 26.4 
43J-11 0 to +28.8 1 604.0 27.7 
43J-12 0 to +28.8 917.1 25.2 
43J-19 Oto +28.8 1 305.6 26.8 
Ave 46.8 26.5 
43J-13 +20.7 to +41.4 2 926.5 Was 41.44 
43J-14 +28.7 to +57.4 141.0 59.6 mic 
43J-15 +28.7 to +57.4 274.4 64.1 eee 
43J-16 +22.4 to +44.8 432.0 52.6 37.9 
43J-17 +23.9 to +47.8 847.7 ee 43.5 
43J-18 +23.9 to +47.8 311.8 54.1 39.0 
Ave 57.6 40.1 


Neglecting the vertical shear, as would seem permissible if the 
moment is produced by a vertical load at the end of a long lever: 


ad 


Applied Moment, M = Resisting Moment = R —, 


where R 


Unit Stress 


where t 


= maximum resistance per vertical inch, at top 


6 


and bottom edges of joint 


R 


wee 
= actual throat width of one weld (according 
to the conventional treatment of fillet welds 
rather than a true stress analysis) 

6M 


d2 


3M 
fa? ’ 
3M 


0.60 X 0.707 X 546 X 12? 
(M in in./lb, stress in 1000’s of p.s.i.) 


X 0.95 = 


0.00015M 
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Fic. 24. Moment-ResiIstinG Fittet-WeLp JoIntT witH WELDS PARALLEL TO 
PLANE oF Moment — Static-Trst SPECIMEN 


The results of the tests computed on this basis are given in 
Table 23. These data plotted to a log-log scale determine the S-N 
diagrams of Fig. 23. 

The loads required to produce static failure are given in Table 68. 
The specimens used for these tests are shown in Fig. 24. Each speci- 
men was tested as a simple beam supported at the two ends and 
loaded at the middle. Inasmuch as the moment causing failure was 


d? 
far beyond the yield point, it seemed reasonable to place M = R He 


from which, for static tests, unit shear = 0.0001M. The stress re- 
sulting from the moment on the weld, computed on this basis, is 
given in the table. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of the moment-resisting 
joints is shown by the diagrams of Fig. 23. 


20. Fatigue Strength of Moment-Resisting End Connections for 
I-Beams.—Each specimen was made of one plate 6 in. by 2 in. by 1 ft 
4 in. and a standard 12-in. I-beam, 17 in. long, which were machined 
and welded as shown in Fig. 25. A thin shim was placed between the 
end of the beam and the plate before welding, in an attempt to leave 
a small clearance between the two parts; but it was found that after 
the weld had been placed the shim could not be removed. For this 
reason the compression due to the moment did not all come upon the 
weld. Another factor entering into the fabrication of these specimens 
is that, although an experienced operator welded these specimens, he 
had done very little overhead welding and had difficulty producing 
good welds in that position. 
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The welding procedures used for all specimens of this series are 
given in Table 69, and the chemical composition and mechanical 
properties of the beams and plates, as determined by mill tests, are 
given in Table 70. 

All fatigue failures occurred in the throat of the weld. The stress 
on this section is a combination of shear and tension (or compression) 
resulting from the moment on the joint as a whole. In addition, there 
is flexure in the weld itself. An approximate value of the stress re- 
sulting from the load used in the fatigue tests was computed on the 
following basis. The external moment was considered to be resisted 
by a couple with forces parallel to the axis of the beam. The lever-arm 
of the couple was taken as 12.2 in. The stress was taken equal to the 
force of the couple divided by the area of the throat of the weld. Two 
values of throat area were determined. One was computed from the 
external dimensions of the weld; the other was the measured area of 
the fracture. The two values differed significantly, the difference 
being as much as 40 percent for a few specimens, and 20 percent for 
several. For some specimens the area of the fracture exceeded the 
area computed from the external measurement; for others the reverse 
was true. 

The results of the fatigue tests are given in Table 24. The stresses 
in this table are based on the area of the throat of the weld computed 
from the external measurements. These data plotted to a log-log 
scale determine the S-N diagrams of Fig. 25. 

Static tests were made on two fatigue-type specimens. The re- 
sults of these tests are given in Table 71. For the static tests, I-beams 
were welded to both faces of the 2-in. plate and the specimen was 
then tested as a simple beam. In these tests the welds that had been 
deposited in the overhead position were placed on the tension side for 
specimen 43K-24 and on the compression side for specimen 43K-25. 
This was done so that the strength could be obtained for both the 
weld placed in the horizontal position and the weld placed in the 
overhead position. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of the moment-resisting 
fillet-weld end connections for I-beams is shown by the diagrams of 
Fig. 25. 


21. Butt-Weld Joints Connecting Plates in Compression.—This 
series of tests was planned to give the fatigue strength of butt-weld 
joints connecting plates when tested on a cycle in which the maximum 
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TABLE 24 


Fatigur STRENGTH: WELDS OF MoMENT-RESISTING END CONNECTIONS 
ror I-BrAms 


Stresses based on a throat area computed from the external measurements of the weld 


Number of Fatigue Strength in 
Specimen Stress in 1000’s Cycles for 1000's of p.s.i. Location of 
No. of p.s.i. Failure in Failure 
1000's 
n= 100,000 | n= 2,000,000 
43 K-1 +7.0 to —7.0 175.0 Ta ATS pea || tee tae ico Top 
43 K-2 +8.0 to —8.0* 225.4 $,3in Sines Seka Bottom 
43 K-3 +9.0 to —9.0* 29.6 y Gey ff Baws Wi be Sr ns Bottom 
43 K-4 +6.0 to —6.0* 242.5 G66; a0 le oi. hence Bottom 
43K-5 +5.0 to —5.0* 25 Lae 5 OSar wm gos eee Bottom 
43 K-6 +5.0 to —5.0* pn YS a | erick 5.0+ Bottom 
43 K-20 +5.0 to —5.0* 2.7020) ye ase 5.0+ Bottom 
43K-23 +5.0 to —5.0 B2889:8+- | ies S 5.0+ Did not fail 
Ave 7.26 5.0+ 
43 K-7 0 to+19.70 96.3 49.650 "G) eee s Top 
43 K-8 0 to +19.66 230.8 21 OK % On|) Maakeeie ee Top 
43 K-9 0 to +19.67 582.2 22.6 17.85 Top 
43K-10 0 to+11.80 2139 30 NA oe ae 11.84 Top 
43 K-11 0 to+13.79 437.4 15.50 12.21 Top 
43 K-12 0 to +12.80 AAD AGS BIL ee Re eee Bottom 
43 K-19 0 to +13.0 43.1 1 deg ee! || nays op 
43 K-21 0 to+13.0 2542 Os" Cy See ee, Ne Le ce Bottom 
43 K-22 0 to+20.0 402.5 22.4 17.60 Top 
Ave. 18.88 14.86 
43K-13 +16.0 to +32.0 35.1 20k gM oe Beat Top 
43 K-14 +16.0 to +32.0 216.9 BA en aN eee Top 
43K-15 +12.0 to +24.0 B58 oi wa) Lees 22.4 Top 
43 K-16 +13.0 to +26.0 £08522 Sat Pee 24.6 Top 
43 K-17 +13.0 to +26.0 137.9 26 Fes Ne Reh Top 
43K-18 +12.0 to +24.0 Bb .026+555 thw “Gass 22.8 Top 
Ave. 30.1 23.3 


* Stress based upon size of bottom fillet; all others are based upon the size of the top fillet. 


stress was compression. Four groups of tests were planned, with stress 
cycles as follows: (1) zero to compression; (2) compression to tension 
one-fourth as great; (3) compression to tension one-half as great; 
(4) compression to tension three-fourths as great. Three specimens 
were tested on each of the above cycles with a compressive stress of 
32,000 p.s.i. The remaining specimens were tested at the stresses 
necessary to obtain data for the S-N curves of the various cycles 
between 100,000 and 2,000,000 cycles. 

The details of the specimens are shown in Fig. 26. The two plates 
12 in. by % in. by 1 ft 10% in. were from the same heat as the 
plates for butt-weld specimens previously tested.t The welding pro- 
cedure is given in Table 72 and Fig. 26. 

The results of the tests are given in Table 25. These data plotted 
to a log-log scale determine the S-N diagrams of Fig. 26. 


1 Univ. of Ill. Eng. Exp. Sta. Bul. 344. 
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TABLE 25 


Fatigue SrrenctH: DousuEe-V Butt-WELp Joints TESTED 
IN COMPRESSION 


Number of Fatigue Strength in 
Specimen Stress in 1000’s Cycles for 1000’s of p.s.i. Location of 
No. of p.s.i. Failure:in' ol. = =e eee ee eee Fracture 
1000’s 
F 00 000 F'2 000 000 
43X-2 —32.0 to0 2 620.7 —32.0+ In platet 
43X-3 —32.0 to 0 5 257.2 —32.0+ Did not fail 
43X-8 —32.0 to 0 4 164.6 —32.0+ Did not fail 
Ave —32.0+ 
43X-4 —32.0 to + 8.0 165.6 OA THe ae ectrtace In plate 
43X-5 —32.0to + 8.0 319.8 —38.6 —23.6 Edge of weld 
43X-9 —32.0to+ 8.0 455.4 —41.2 —25.2 In plate 
43X-18 —26.0to + 6.5 470.7 —33.7 —20.6 Edge of weld 
43 X-20 —24.0 to + 6.0 LQi4 Brot —22.4 Center of weld 
43X-21 —36.0 to + 9.0 92.8 ==S3D50 Sle thane ets In plate 
Ave. —36.7 —22.9 
43X-6 —32.0 to +16.0 49.7 =3035. 1) & Secures Edge of weld 
43X-7 —32.0 to +16.0 23.7 =297.8: f Nateeiyes Edge of weld 
43X-10 —32.0 to +16.0 34.6 OE an Tn ree Edge of weld 
43X-13 —21.0 to +10.5 @ 5508S U2 Si) as ees —21.0+ No failure 
43X-14 —24.0 to +12.0 29.9 20 NS gas ce oo Center of weld 
43X-16 —20.0 to +10.0 5 er ie: oi | ea —19.5 Edge of weld 
43X-22 —24.0 to +12.0 593.6 —27.3 —22.1 Center of weld 
43X-23 —28.0 to +14.0 ADO Olge diene —25.1 In plate 
Ave. —28.2 —21.9+ 
43X-1 —32.0 to +24.0 BT ON EPO et iaeckrats One oe Edge of weld 
43X-11 —32.0 to +24.0 13.6 won SD deta en ote Edge of weld 
43X-12 —32.0 to +24.0 18.2 = 28-2" Via lee as Center of weld 
43X-15 —24.0 to +18.0 41.7 20S i ive cana Center of weld 
43X-17 —18.0 to +13.5 211.7 ome 2D Gir 1 Yee Sees Center of weld 
43X-19 —13.0 to + 9.75 O65 7G carpets to —11.5 Center of weld 
Ave. —21.5 —11.5 


* Specimen 43X-1 was tested without the guides to prevent buckling used on the other speci- 
mens. There was considerable bending in the specimen, and the results of the test were not included 
in the averages. 

{ All failures in plates were at an end of the constant-width section. 


Three of the specimens of this series were tested on a cycle, zero to 
compression. With this type of load it is difficult to determine when 
the specimen has failed. As an indication of failure, a tension load 
equal in magnitude to the compression load was applied by hand, at 
the time the load on the specimen was checked. When the specimen 
would not carry the tension load the specimen was considered as having 
failed. The 21 remaining specimens all had a partial tension load and 
the fracture would, therefore, open up when failure occurred. 

Of the 24 specimens, 3 did not fail, 5 failed at the juncture of the 
constant-width portion and the head, 8 failed at the edge of the weld, 
7 failed in the weld, and 1 bent under the high compression load. The 
fractures of the 7 specimens that failed in the weld are shown in 
Fig. 27. The fatigue strength was considerably lower for specimen 
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43X-14 than for the other specimens of the series. The fracture of this 
specimen indicates that there was a lack of penetration at the root of 
the weld. Previous tests,! along with these, show that imperfect welds 
are encountered even when well-trained welders are using a qualified 
procedure and are working under close supervision. 

The fatigue strength in compression of these specimens has been 
compared in Table 73 with the fatigue strength in tension of commer- 
cial butt welds previously reported.? The fatigue strength for failure 
at 100,000 cycles, as given by the present tests on a cycle, compres- 
sion to a tension three-fourths as great, has approximately the same 
value as similar specimens tested previously on a cycle in which the 
stress varied from tension to an equal compression. For failure at 
2,000,000 cycles, the value for the cycle, compression to tension three- 
fourths as great, is below the smallest value of the other series when 
tested on a cycle, tension to an equal compression. 

The effect of the ratio of the minimum to the maximum stress in 
the stress cycle upon the fatigue strength of butt-weld joints in com- 
pression is shown by the diagram of Fig. 26. The values used in this 
figure that are not from this series have been taken from Bulletin 344, 
previously mentioned. 


1 Univ. of Ill. Eng. Exp. Sta. Bul. 344, p. 48. 
2 Univ. of Ill. Eng. Exp. Sta. Bul. 344. 
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Ill. Summary or REsuuts 


The results of the static tests described in Sections 3-21 are sum- 
marized in Table 74; the results of the fatigue tests, in Table 75. 

The values given in Table 74 indicate that the static strength of 
the parts connected with welded joints was not greatly affected by 
the weld, the lowest static strength reported being 54,400 p.s.i. tension 
for channels connected to plates with a combination of longitudinal 
and transverse fillet welds (Section 4). The minimum static strength 
of welds was 46,000 p.s.i. shear on longitudinal triple-pass fillet welds 
connecting plates (Section 9). This value, which is based on the area 
of the fracture, is for a specimen for which no precaution was taken 
to prevent thermal cracks. 

The fatigue strength of parts connected with welds was very low. 
For channels connected to plates with fillet welds (Table 3), Fs ooo ooo 
for the channels had values of 6070, 9070 and 15,600 p.s.i., respectively, 
for cycles tension to an equal compression, zero to tension, and tension 
to tension one-half as great. The corresponding values of F100 000 Were 
10,550, 16,650 and 28,500 p.s.i., respectively, for the same cycles. 

For plates connected to plates with fillet welds (Table 1), Fs ooo ooo 
for the plates had values of 5680, 9640 and 16,270 p.s.i., respectively, 
for cycles tension to an equal compression, zero to tension, and tension 
to tension one-half as great. The corresponding values of F490 900 Were 
12,290, 21,640 and 41,150, respectively, for the same cycles. 

For plates connected with plug-weld joints which failed in the 
inner plate (Table 5) Fs 900 o00 for the middle plate had values of 5340, 
10,130 and 20,800 p.s.i., respectively, for the cycles tension to an equal 
compression, zero to tension, and tension to tension one-half as great; 
for the same cycles the values of F100 000 Were 14,180 p.s.i., 26,300 p.s.1. 
and 44,500 p.s.i., respectively. For similar joints designed to fail in the 
outer plate (Table 6) the values of F2 oo ooo for the outer plates were 
6620, 11,670 and 24,600 p.s.i. for the various cycles; for the same 
cycles the values of Fioo 000 were 14,090 p.s.i., 24,050 p.s.i. and 49,200 
p.s.i., respectively. 

For welded joints connecting plates which failed in the weld the 

_ fatigue strengths of welds in shear are given in the following tabulation. 
_ (See pages 76 and 77.) 
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AVERAGE FaTIGUE STRENGTH OF VARIOUS WELDED JOINTS 
Tuat FaImLeD IN THE WELDS 


— 


0/0) | en et eee i Cee eer eeeraN SE gras poriciresrie Gites. Shao pA F100 003* F'2 000 000* | 


Plug-Weld Joints Connecting Plates (Section 5; and Fig. 3, p. 21) 


Ave. Ave. 
Shear in one direction to an equal shear in the opposite direction. ...... 11 270 6 540 
Shear. varied! from zero. 0.8 MAXIMUM ss .\.e. se eis en ches ie adie lene ere eterele 23 080 12 570 
Shear in one direction to shear one-half as great in the same direction. . . 42 100 23 870 


Longitudinal Slot-Weld Joints Connecting Plates (Section 16; and Fig. 17, p. 54) 


Shear in one direction to an equal shear in the opposite direction. ...... 16 100 6 130 
Shear -vaned. from zéro: +08 MAXIMUM, «gio e «ete mice odie sw ancnetselelnaiaie ele 27 900 11 100 
Shear in one direction to shear one-third as great in the same direction. . 37 900 14 900 
Shear in one direction to shear one-half as great in the same direction...|  ...... 22 200 


Transverse Slot-Weld Joints Connecting Plates (Section 17; and Fig. 19, p. 58) 


Shear in one direction to an equal shear in the opposite direction. ...... 10 000 5 290 
Shear varied from. zero tO: & MAXIMUM, 22 cia oe wiestasons cee Gleetermete at 20 000 10 200 
Shear in one direction to shear one-half as great in the same direction. .. 37 900 19 600 


Longitudinal Single-Pass Fillet-Weld Joints (Section 8; and Fig. 7, p. 30) 


Shear in one direction to an equal shear in the opposite direction. ...... 15 200 10 700 
Shear varied. trom aero toa maximum. 2 Sw cteiede sere Sees) a sietetus cctin aae 27 200 19 700 
Shear in one direction to shear one-half as great in the same direction. . . 57 300 40 000 


Shear in one direction to an equal shear in the opposite direction. ...... 13 100 8 900 
Shear varied from zero toa MAXUM oe wetleea W aslo clots ole lee lel ele) eres 28 300 20 500 
Shear in one direction to shear one-half as great in the same direction. . . 53 300 39 600 


Longitudinal Triple-Pass Fillet-Weld Joints (Section 9; and Fig. 8, p. 34) 


Shear in one direction to an equal shear in the opposite direction. No pre- 


caution taken to prevent thermal stresses...........020-seeeeeeeeee 11 400 7 800 
Shear in one direction to an equal shear in the opposite direction. Welding 
procedure was planned to reduce the thermal stresses..............+. 16 800 9 710 


* Average values. 
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AVERAGE FATIGUE STRENGTH OF VARIOUS WELDED JOINTS 
TuHat FAILED IN THE WELDS (CoNCLUDED) 


CRRA a6 hp errs dine doe, a Neate nn F100 000* F» 000 000* 


Transverse Triple-Pass Fillet-Weld Joints (Section 11; and Fig. 11, p. 42) 


Ave. Ave. 
Shear in one direction to an equal shear in the opposite direction. ...... 18 300 13 700 
Dhear Varied {rom Zero: tO'S MAXIMUM... .. 2. fe. secs clas cweresvw esac e 36 700 28 000 


Combined Longitudinal-and-Transverse Triple-Pass Fillet-Weld Joints Connecting Plates 
(Sections 13 and 14; and Fig. 14, p. 47) 


Shear in one direction to an equal shear in the opposite direction. No pre- 
caution taken to prevent thermal stresses.............0.-.00es00ees 9 630 9 290 


Shear in one direction to an equal shear in the opposite direction. Welding 
procedure was planned to reduce thermal stresses............-...--- 14 830 8 040 


Butt-Weld Joints Connecting Plates in Compression (Section 21; and Fig. 26, p. 71) 


“ACI Re) ie, GHG Teas ao OO Ste CHORD Be CRUD SOG Oe EEE CnG Gane saaieoereee —32 000 
Compression to tension one-fourth as great...........0...00000000000- —36 700 —22 900 
Compression to tension one-half as great............000c0eceeeeeeeeee —28 200 —21 900 
Compression to tension three-fourths as great... .........00 00000 eee —21 500 —11 500 


* Average values. 


Thermal cracks developed in triple-pass fillet-welds unless pro- 
vision was made for relieving the thermal stress. The method of re- 
lieving the thermal stress by separating the plates with soft iron wire 
was quite successful for one series of welds (Section 9, second series), 
but the results for another series (Section 14, second series) were 
uncertain. The average value for F100 000 for the latter series was 9630 
p.s.i. for specimens welded with no provision for relieving the thermal 
stresses, whereas for those welded with the stress-relieving procedure 
the corresponding value was 14,830 p.s.i. The corresponding average 
values for F2 000 000 Were 9290 and 8040 p.s.i., respectively. The latter 
figures have little significance, however, as only one of the specimens 
on which the value of Fs 600 000 18 based failed in the weld. 


nOY ae ‘ hana s salary vias 


ve euete ahiet - 


APPENDIX. TABLES 26-75 


A summary of the results of the static tests of the welded 
joints is given in Table 74, and a summary of the results of 
the fatigue tests of the same types of joints is given in 
Table 75. 
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TABLE 26 
WELDING PROCEDURE: SINGLE-Pass FrnterT WELDS 


For %6-in. Welds 
Specimens 43A1, 43A2, 43A7, 43A8, 43A9, 43A10, 43A11, 43A12, and 43A19 


Electrode %6in. A.W.S. E6010 
Polarity Reversed 

Position Horizontal 

Voltage 28 volts 

Amperes 200 amperes 


For e6-in. Welds 


Specimens 43A1-2, 43A2-2, 43A3, 43A3-2, 43A4, 43A4-2, 43A5, 43A5-2, 43A6, 43A10-2, 
43A13, 43A13-2, 43A14, 43A14-2, 43A16, 43A17, 43A20, 43A21, and 43A22 


Electrode %6in. A.W.S. E6010 
Polarity Reversed 
Position Horizontal 
Voltage 28 volts 
Amperes 220 amperes 
TABLE 27 
Resuutts or Mitt Tests: PLATES CONNECTED WITH FILLET WELDS 
Mechanical Properties Chemical Composition, percent 
Ba | 
1CK- Strength, p.s.i. Elong. 
ae Sere Ss Se ad es iin Sans moe Gi Mn fe S 
percent 
Yield Point | Ultimate 
34” 37 560 63 360 29.0 OvKe 0.21 0.50 0.012 0.030 
3” 39 830 65 260 25.0 O.K. 0.23 0.56 0.011 0.028 
Ave. 38 690 64 310 27.0 0.22 0.53 0.012 0.029 
34” 37 170 61 990 28.0 O.K. 0.19 0.40 0.012 0.030 
xy” 40 750 64 320 25.25 OK 0.25 0.52 0.022 0.030 
Ave.| 38 960 63 160 26.63 0.22 0.46 0.017 0.030 
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Specimen 
No. 


43A23 
43A24 
43P1 
43P2 


TABLE 28 
Static SrreNGTH: PLATES CONNECTED wiTH FILLET WELDsS* 
prea Threat, Average Shear o 
sq in., from : ae Average 
agey BSS be Tension in 
Size o Plate at Ras 
Fillet, External | Area of Based upon Maximum Fart, That Fasled 
in. Measure- Frac- Load, 
ments ture p.s.i. 
A B 
YG 8.00 7.49 48 300 51 500 56 100 Weld 
Y% 7.38 3.76F 52 700 51 700t 57 200 Weld and plate 
ie 8.70 44 S00 Fat © 3 goers 57 200 Plate 
546 8.66 AA OOO Ne Gan Saar 56 900 Plate 


* See Fig. 1 for details of weld. 

+ For one outside plate, failure was in the weld; for the other, failure was in the plate. 

Area is for weld that failed. Unit stresses are based upon an even distribution of the load be- 
tween the plates. 


Resuuts or Miuu TrEsts: 


TABLE 29 


witH FintetT WELDS 


CHANNELS AND PLATES CONNECTED TO PLATES 


Channels 


Mechanical Properties 


Chemical Composition, percent 


Strength, p.s.i. 


Yield 
Point 


Ultimate 


Elong. 
in8in, | Bead 
percent 


41 020 61 790 27.25 O.K. 
40 290 68 330 23.75 OLE 


1-in. Plate 36 840 64 540 24.50 O.K. 


WELDING PROCEDURE: 


TABLE 30 


CHANNELS TO PLATES 
Specimens 43B-1 to 43B-24, inclusive 


(G Mn oR S 
0.18 0.53 0.012 0.028 
0.23 0.45 0.015 0.026 
0.23 0.66 0.009 0.032 


Srineue-Pass Firter WELDS CONNECTING 


_ 4e-in. Fillet Welds 


Electrode 346-in. A.W.S. E6010 
Polarity Reversed 
Position Horizontal 
Voltage 26 volts 


Amperes. 3 4 


180 amperes 


1g-in. Fillet Welds 


¥y-in. A.W.S. E6010 
Straight 
Horizontal 
22 volts 
125 amperes 
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TABLE 31 


Sratic STRENGTH: CHANNELS CONNECTED TO PLATES wiTH FILLET WELDS 


que ta Ultimate Load, Area of Two Ultimate Unit Stress, 
Specimen No. lb Channels, sq in. p.s.i. 
43B-23 483 200 8.94 54 050 
43B-24 488 900 8.94 54 690 
Ave. 54 370 
TABLE 32 


WELDING PROCEDURE: 


Pruc-WeELp Joints DEsIGNED TO Fatt In PLuas* 


Electrode 
Polarity 


Position 


Voltage 


Amperes 


* The same procedure was used in welding the plug-weld joints designed to fail in the plates. 
The surface of the weld was chipped to remove slag after placing each layer. Three layers were 


placed for each plug. 


Resvuuts oF Miuiu Tests: 


First layer—52 in. A.W.S. E6010 
Subsequent layers—*i6 in. A.W.S. E6012 


First layer—Reversed 
Subsequent layers—Straight 


Horizontal 


First layer—30 volts 
Subsequent layers—24 volts 


First layer—200 amperes 


Subsequent layers—220 amperes 


TABLE 33 


PLATES FoR PLtuG-WELD Joints DEsIGNED 


To Fart In PLues 


Specimens 43C 


Chemical Composition, percent 


—— 
Mechanical Properties 
Biss 
1¢: = 5 + a 
ape Strength, p.s.i Elong. se 
in 8 in., Test Cc 
' F ; percent 
Yield Point} Ultimate 
40 860 65 160 25.75 O.K. 0.23 
39 980 62 500 27.50 O.K. “0.20 
38 100 63 000 27.00 O.K. 0.21 
40 890 65 040 26.50 O.K. 0.23 
Tone 39 350 65 100 26.00 OcKS 0.24 
40 000 61 750 28.00 O.K. 0.23 
39 130 64 260 26.50 On: 0.23 
39 380 63 900 27.25 O.K. 0.24 
38 610 62 380 27.00 O.K. 0.25 
Ave. 39 590 63 680 26.83 0.23 
39 300 63 860 26.75 OK 0.22 
\ in. 41 220 63 900 26.75 O.K. 0.22 
40 090 63 200 27.25 O.K. 0.22 
40 590 63 860 28.25 O.K. 0.22 
Ave. 40 300 63 710 27.00 ie 0.22 


ocooooceco]o 
> 
oO 


P S 
0.008 0.033 
0.010 0.023 
0.014 0.029 
0.011 0.033 
0.013 0.032 
0.012 0.035 
0.012 0.025 
0.014 0.029 
0.011 0.027 
0.012 0.030 
0.016 0.026 
0.025 0.041 
0.009 0.029 
0.011 0.027 


) 
° 
= 
on 
= 
8 
2 


« 
¢ 
‘ 
. 
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TABLE 34 


Resutts or Mitut Tests: Puatres ror Puuc-WeELD Joints DESIGNED 
To Fart In MippLue PLATE 


Specimens 43D 


Mechanical Properties Chemical Composition, percent 
Plate 
picng Strength, p.s.i. Elong. 
is inin., | Bend C Mn P Ss 
percent Test 
Yield Point | Ultimate 
38 100 63 000 27.00 O.K. 0.21 0.51 0.014 0.029 
40 890 65 040 26.50 O.K. 0.23 0.37 0.011 0.033 
39 350 65 100 26.00 O.K. 0.24 0.40 0.013 0.032 
¥ in. 40 000 61 750 28.00 O.K. 0.23 0.45 0.012 0.035 
39 130 64 260 26.50 O.K. 0.23 0.43 0.012 0.025 
39 380 63 900 27.25 O.K. 0.24 0.46 0.014 0.029 
38 610 62 380 27.00 OK, 0.25 0.44 0.011 0.027 
39 640 63 490 27.75 O.K. 0.24 0.50 0.014 0.028 
Ave. 39 388 63 615 27.00 0.23 0.45 0.013 0.030 
84 in. 37 170 61 990 28.00 O.K. 0.19 0.40 0.012 0.030 
40 750 64 320 25.25 O.K. 0.25 0.52 0.022 0.030 
Ave. 38 960 63 155 26.63 0.22 0.46 0.017 0.030 
TABLE 35 
Sratic STRENGTH: PLuG-WELD Joints DrsigNep To Fam In Mippie PLATE 
Specimen Area of Ultimate Load, Stress, 
No. Plate lb p.s.i. of Plate 
43D22 5.92 391 600 66 100 
43D23* 5.98 377 900 63 100 
43D24 5.97 390 700 65 400 


* Broke in the curved fillet adjacent to the head where the edges of the plate were flame-cut. All 
- others broke in the constant-width portion with machined edges. 
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TABLE 36 


Resuuts or Mitt Tests: PLates ror PLuG-WeELD Joints DESIGNED 
To Fait In OuTsipE PLATES 


Specimens 43E 


Mechanical Properties Chemical Composition, percent 
me 
ess Strength, p.s.i. Elong. 
Cee in8in., | Bend @ Mn P Ss 
percent Test 
Yield Point | Ultimate 
“i 37 560 63 360 29.00 O.K. 0.21 0.50 0.012 0.030 
g in. 
39 830 65 260 25.00 O.K. 0.23 0.56 0.011 0.028 
Ave. 38 695 64 310 27.00 0.22 0.53 0.012 0.029 
41 140 65 850 25.00 O.K. 0.28 0.50 0.013 0.032 
1 in. 40 080 65 680 24.75 O.K. 0.27 0.47 0.017 0.032 
38 610 62 380 27.00 O.K. 0.25 0.44 0.011 0.027 
Ave. 39 943 64 637 25.58 0.27 0.47 0.014 0.030 
TABLE 37 


Sratic STRENGTH: PuLuG-WELD Joints DESIGNED TO FaIL IN OUTSIDE PLATES 


Specimen Area of Plate, Ultimate Load, Maximum Stress, 
No. sq in. lb p.s.i. 
43E22 ey A 394 500 66 000 
43E23 6.03 374 600 62 100 
43E24 6.04 372 000 61 600 
Ave. 63 200 
TABLE 38 


WELDING PROCEDURE: %¢-IN. LONGITUDINAL SINGLE-PAss FILLET-WELD JOINTS 
CONNECTING PLATES 


Electrode 346in. A.W.S. E6010 
Polarity Reversed 

Position Horizontal 

Voltage 28 volts 


Amperes 220 amperes 
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TABLE 39 


Resvutts or Miui Tests: Piates ror LonairupInaL SINGLE-Pass 
FIntet-WELpD JOINTS 


Specimens 43F 


Mechanical Properties Chemical Composition, percent 
Plate 
gatek Strength, p.s.i. Elong 
in8in., | Bend Cc Mn re Ss 
Yield Point | Ultimate oo a 
41 149 65 850 25.00 O.K. 0.28 0.50 0.013 0.032 
1 in. 40 080 65 680 24.75 OTK 0.27 0.47 0.017 0.032 
38 600 62 380 27.00 O.K. 0.25 0.44 0.011 0.027 
Ave. 39 943 64 637 25.58 0.27 0.47 0.014 0.030 
34 in. 38 440 62 540 27.50 O.K. 0.23 52 0.016 030 
37 170 61 990 28.00 OuKe 0.19 0.40 0.012 0.030 
Ave. 37 805 62 265 27.75 0.21 0.46 0.014 0.030 
TaBLe 40 


Turoat AREA OF WELDS AS DETERMINED BY THREE MertHops: LONGITUDINAL 
SInGLE-Pass FILLET-WELD JOINTS CONNECTING PLATES 


Throat Area in sq in. from 
Specimen No. 
External Area of Dimensions 
Measurements Fracture on Drawing 
43F1 4.37 4.03 3.54 
43F2 4.49 4.37 3.54 
43F3 4.19 4.06 3.54 
43F4 4.20 4.16 3.54 
43F5* 3.93 mi 3.54 
43F7 4.04 3.55 3.54 
43F8 4.13 3.32 3.54 
43F9 4.22 3.43 3.54 
43F10 4.31 3.47 3.54 
43F11 4.15 3.37 3.54 
43F12* 4.22 ee 3.54 
43F13* 4.05 Rone 3.54 
43F14* 4.01 Ghee 3.54 
438 F15*t 222 ayads’s 2.43 
43F16* 3.99 rie 3.54 
43F17* 3.40 ae ats 3.54 
43F18* 3.39 Rare 3.54 
43F19 4.00 3.30 3.54 
43F20 4.02 4.24 3.54 
43F21 3.48 gee 3.54 
43F22 3.51 3.85 3.54 
43F23 3.03 3.38 3.54 
43F24 3.68 3.88 3.54 
* Weld did not fail. 


+ Specimen 43F15 was made with welds 2%4 in. long. 
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TABLE 41 


Resuuts or Mitt Tests: PLates ror LONGITUDINAL TRIPLE-PAss 
FILLET-WELD JOINTS 


Specimens 43P 


Mechanical Properties Chemical Composition, percent 
Ba 
geet | 2 Serer | ant ceenel tl ered ean eee 
Yield Point | Ultimate eas i 
40 860 65 750 24.00 O.K. 0.23 0.66 0.009 0.032 
ig in 36 570 63 380 24.50 O.K. 0.25 0.46 0.014 0.045 
36 050 62 270 27.00 O.K. 0.23 0.45 0.016 0.029 
35 250 67 100 26.00 O.K. 0.29 0.40 0.023 0.032 
Ave. 37 180 64 626 25.37 0.25 0.49 0.016 0.035 
35 250 | 67100 | 26.00 | OK. | 0.29 | 0.40 | 0.023 | 0.032 
1% in. 37 550 61 220 27.25 O.K. 0.22 0.63 0.013 0.037 
40 950 65 680 25.00 O.K. 0.24 0.50 0.014 0.025 
Ave. 37 920 64 670 26.08 0.24 0.51 0.017 0.031 
TABLE 42 


WELDING ProcrepurE: LONGITUDINAL TRIPLE-PAss FILLET-WELD JOINTS 
ConNECTING PLATES; First SERIES 


Specimens 43P1, 43P2, 43P3, 43P4 and 43P7 


Electrode Yin. A.W.S. E6012 
Polarity Straight 

Position Horizontal 

Voltage Not recorded 
Amperes Not recorded 


Specimens 43P1-2 to 43P9-2, and 43P10 and 43P11 


Electrode 346 in. A.W.S. E6010 
Polarity Reversed 

Position Horizontal 

Voltage 28 volts 

Amperes 1st pass—240 amperes 


2nd pass—205 amperes 
3rd pass—200 amperes 
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TABLE 43 


TuHroat AREA OF WELDS AS DETERMINED BY THREE Mertruops: LONGITUDINAL 
TripeLe-Pass Fintet-Weip Joints CoNNECTING PLates; First SERIES 


Throat Area in sq in. from 


Specimen No. 

External Area of Dimensions 

Measurements Fracture on Drawing 
43P1 7.87 7.02 5.66 
43P2 7.28 6.95 5.66 
43P3 7.42 7.42 5.66 
43P4 7.46 7.41 5.66 
43P7 7.69 8.03 5.66 
43P1-2 6.10 5.66 
43P2-2 5.90 5.66 
43P3-2 6.96 6.72 5.66 
43P4-2 6.34 Ag 5.66 
43P5-2 6.45 = 5.66 
43P6-2 6.32 ene 5.66 
43P7-2 7.06 Plate failed 5.66 
43P8-2 6.50 6.36 5.66 
43P9-2 6.48 6.52 5.66 
43P10 6.36 6.21 5.66 
43P11 6.84 6.71 5.66 


* These specimens were used to make 43R specimens before the area of fracture had been obtained. 


TABLE 44 


AVERAGE VALUES OF FATIGUE STRENGTH OF WELDS BASED UPON THREE VALUES 
or WeLp AREA: LONGITUDINAL SINGLE-Pass AND LONGITUDINAL 
TrrpLe-Pass FILuET-WELD JOINTS CONNECTING PLATES 


Stress Cycle: Tension to an Equal Compression 


Fatigue Strength in 1000's of p.s.i. 


Weld Area Based upon 
n= 100,000 n = 2,000,000 K 


Triple-Pass Welds 


' External Dimensions 11.4 7.8 0.13 

Fracture Area 12.3 7.9 0.15 

Nominal Size 14.4 9.4 0.14 
Single-Pass Welds 

External Dimensions 15.2 10.7 0.12 

Fracture Area 16.2 11.0 0.13 

Nominal Size 18.9 12.0 0.15 
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TABLE 45 


Sratic SrrRENGTH: WELDS OF LONGITUDINAL SINGLE-Pass AND LONGITUDINAL 
TripLe-Pass FILLET-WELD JOINTS CONNECTING PLATES 


Strength in 1000's of p.s.i.* Based upon 
Ultimate 
Specimen No. Load, 
lb. External Area of Nominal 
Measurement Fracture Size 
Triple-Pass Welds 
43P10 299 900 47.16 48.29 52.99 
43P11 293 600 42.91 43.76 51.87 
Single-Pass Welds 
43F23 204 900 67.6 60.7 57.9 
43F24 227 700 61.8 58.7 64.3 


* The strength is the quotient of the ultimate load divided by the area of the throat of the weld 
as determined by the three methods. 


TABLE 46 


COMPARISON OF STRENGTHS OF WELDS OF LONGITUDINAL SINGLE-PAss AND 
TripLe-Pass Fmuuet-WELD JoInts CONNECTING PLATES 


Stress Cycle: Tension to an Equal Compression 


Fatigue Strength in 1000's 


of p.s.i.* Statice Strength 
Description of Weld et SOR eg PES Tee ee K in 1000's 
of p.s.i. 
F joo 000 F'2 000 000 
Single-Pass 15.2 10.7 0.12 64.7 
Triple-Pass, First Series 11.4 anes 0.13 45.04 
Triple-Pass, Second Series 16.8 9.71 0.19 49.60 


* Stress based upon area of throat computed from external dimensions of the weld. 
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TABLE 47 


TuHroAatT AREA OF WELD AS DETERMINED BY THREE Metruops: TRANSVERSE 
SinGLE-Pass FILLET-WELD Joints CONNECTING PLATES 


Throat Area in sq in. from 


Specimen No. 
External Area of Dimensions 
Measurement Fracture* on Drawing 
43G-1 1.91 3.00 oe 
43G-2 1.79 3.06 1 We ig 
43G-3 1.97 2.78 Ltd 
43G-4 2.03 2.50 3 
43G-5 2.04 ee RCA 
43G-6 1.83 3.00 Aaa 
43G-7 2.40 2.04 1.77 
43G-8 1.98 2.26 pr a 
43G-9 1.99 2.30 1 ee or, 
43G-10 1292 2.26 VAGT, 
43G-11 1.91 2.08 | af 
43G-12 1.81 1.87 ey ig 
43G-13 1.82 ae akest, Micke 
43G-14 2.00 es Neer if 
43G-15 1.46 1.75. Leva 
43G-16f 1.54 1.92 We, 
43G-17 1.80 2.05 eyes 
43G-18 1.93 1.74 1.77 
43G-19 1.97 2.24 LTT 
43G-20 1.63 oe ei 
43G-21 1.83 2.35 ile de 
43G-22 1.68 2.73 1.77 
43G-23t 1.92 1.85 Lie 
43G-24f 2.04 2.09 177 
43G-25f 1.99 2.18 1.77 
43G-26 1.84 2.84 te 
43G-27 1.69 2.46 Pee, 
43G-28 1.90 2.65 LS77 
43G-29 1.94 3.08 WeLies 
43G-30 1.92 2.95 eae 


* Where only one weld failed the area given is twice the area of the fracture of that one. 
t Area of fracture was not obtained. 
t Tested statically. 


TABLE 48 


Sratic SrrencTH: WELDS or TRANSVERSE SINGLE-Pass FILLET-WELD 
Joints CONNECTING PLATES 


Throat Area of Weld in Ultimate Load Divided by Area 
sq in. from of Throat Based upon 
. Ultimate 
pecunes Load, 
s External | Area of | Dimen- lb External Area of Dimensions 
Measure-| Frac- sions on Measure- Frac- on. 
ment ture Drawing ment ture Drawing 

43G 23 1.92 1.85 ey a / 144 500 75 200 79 110 81 640 
43G 24 2.04 2.09 LTS He é 168 400 82 500 80 570 95 140 
43G 25* 1.99 2.18 Heri 149 250 75 000 71 750 84 400 
43G 16* 1.54 1.92 ner ire 171 000 111 000 89 000 96 500 


* Fatigue specimens that did not fail in fatigue and were subsequently tested statically. 


TABLE 49 


TuHroat AREA OF WELDS AS DETERMINED BY THREE Mertruops: TRANSVERSE 
TripLe-Pass FILLET-WELD JOINTS CONNECTING PLATES 


Dimensions 
on Drawing 


Throat Area in sq in. from 
Specimen No. 
External Area of 
Measurement Fracture 
43R 1 3.12 3.60 
43R 2 2.78 eke 
43R 3 3.01 3.52 
43R 4 2.86 2.88 
43R 5 3.15 3.36 
43R 6 3.40 Rien 
43R 7 3.34 3.48 
43R 8 3.10 3.28 
43R 9 3.18 4.98 
43R 10 2.78 3.76 
43R 11 3.05 4.72 
43R 12 3.00 4.28 
43R 13 2.87 4.76 
43R 14 2.75 te 4 
43R 15 3.12 3.54 
43R 16 3), 12 3.10 
43R 17 3.01 3.48 
43R 18 2.85 4.32 
43R 19 2.90 4.94 


WNNN NNNNNY NNWNNY NNNWb 
oo 
oo 


TABLE 50 


AVERAGE VALUES OF FaTIGUE STRENGTH OF WELDS BASED UPON THREE VALUES 
oF WreLp AREA: TRANSVERSE SINGLE-PAss AND TRIPLE-PASS 


FIntet-WeELD Jormnts CONNECTING PLATES 


Fatigue Strength in 1000's of p.s.i.* 


Weld Area Based upon K 
Fy00 000 F'2 000 000 
Single-Pass Welds—Tension to an Equal Compression 
External Dimensions 16.2 11.3 .12 
Fracture Area 11.5 8.6 0.10 
Nominal Size 17.4 12.3 0.11 
Triple-Pass Welds—Tension to an Equal Compression 
External Dimensions 18.3 5 13.7 0.10 
Fracture Area 15.4 9.3 0.16 
Nominal Size 19.6 14.0 0.11 
Single-Pass Welds—Zero to Compression 
External Dimensions 33.2 25.9 0.09 
Fracture Area 22.7 iW(ays 0.09 
Nominal Size 35.0 26.5 0.09 
Triple-Pass Welds—Zero to Compression 7, 
External Dimensions 36.7 hs 28.0 0.10 
Fracture Area 28.0 TPO) 0.16 
Nominal Size 37.5 27.8 0.11 


_* The values of the stress given are the quotients obtained by dividing the total load on the 
specimen by the throat area for the two welds obtained by the three methods. j 
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TABLE 51 
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Sratic STRENGTH: WELDS or TRANSVERSE FILLET-WELD JoINTS WITH A SINGLE 
Pass AND WITH THREE PASSES 


Throat Area of Weld in 


sq in. from 


Ultimate Load Divided by Area 
of Throat Based upon 


Specimen Ultimate 
No. Load, 
External | Area of Dimen- lb External Area of Dimensions 
Measure-| Frac- sions on Measure- Frac- on 
ment ture Drawing ment ture Drawing 
Triple-Pass Welds 
43R 16 3.12 3.10 2.83 214 400 68 810 69 160 75 760 
43R 17 3.01 3.48 2.83 200 000 66 450 57 470 70 670 
Single-Pass Welds 
43G 23 1.92 1.85 oad 144 500 75 200 79 110 81 640 
43G 24 2.04 2.09 br 4 168 400 82 500 80 570 95 140 
TABLE 52 
THroat AREA OF WELD AS DETERMINED BY THREE MrtTHODS: COMBINED 
LONGITUDINAL AND TRANSVERSE SINGLE-Pass FILLer- 
We Lp Jornts CONNECTING PLATES 
Throat Area in sq in. from 
Specimen No. ; ; 
External Area of Dimensions 
Measurement Fracture on Drawing 


43H24* 


a 
ae 


Woww WowWwwW WwWwwW WoW Wow Uwe 


* These welds were 234 in. long; all others were 4 in. long. 
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TABLE 53 


Sratic STRENGTH: WELDS OF COMBINED LONGITUDINAL AND TRANSVERSE 
SinGute-Pass FILteET-WELD JoINnTs CONNECTING PLATES 


Specimen Area of Weld, Ultimate Load, Stress, p.s.i. 

No. sq in. lb on the weld* 
43H23 5.892 352 000 59 742 
43H24 3.307 217 300 65 709 
Ave. 62 725 


* Stress based upon area of throat of weld determined from external measurements of the welds. 
The welds of specimen 43H23 were 4 in. long, and the welds of specimen 43H24 were 234 in. long. 


TABLE 54 
Turoat AREA OF WELD AS DETERMINED BY THREE MrtTHODS: COMBINED 
LONGITUDINAL AND TRANSVERSE TRIPLE-PASS FILLET-WELD 
Joints Connectina Puares; First Series 


Throat Area in sq in. from 
Specimen No. 
External Area of Dimensions 
Measurements Fracture on Drawing 
438-1 8.70 8.85 8.48 
438-2 8.25 8.50 8.48 
438-3 8.21 7.52 8.48 
4358-4 9.93 9.23 8.48 
438-5 9.18 9.98 8.48 
435-6 8.51 8.54 8.48 
438-8 8.76 9.39 8.48 
438-9 8.01 8.54 8.48 
438-10 9.19 9.20 8.48 
438-11 8.47 8.84 8.48 
TABLE 55 


Static STRENGTH: WELDS OF COMBINED LONGITUDINAL AND TRANSVERSE 
SrmnGLE-Pass AND TRIPLE-Pass FILLET-WELD JOINTS 
ConneEctTING Puates; First SERIES 


Stress in p.s.i. of Weld Area Based upon 


Specimen No. 
Dimensions 
on Drawing 


External Area of 
Measurements Fracture 


Triple-Pass Welds 


435-10 49 510 49 500 53 680 
435-11 53 270 51 035 53 195 


Single-Pass Welds 


43H-23 59 742 63 770 66 415 
43H-24 65 709 70 320 59 534 
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TABLE 56 
WELDING PROCEDURE: SPECIMENS 1 TO 6 


Welds 1 and 2 were on one side of the plate and 3 and 4 were on the other side. The passes in 
a weld are indicated, successively, as A, B, and C. 

*%6-in. E6010 Electrode. The three passes, A, B and C, are the first, second and third passes 
of the nominal 1-in. fillet welds. Pass D was slightly greater than a %e6-in. fillet weld. 


Specimen No. Weld No. Pass No. Volts Amperes 

1 A Ree 

1 2 A Mee 

3 A 29 230 

4 A 29 240 

1 A 30 250 

2 A 28 240 

1 B 28 210 

2 2 B 28 205 

3 A 28 240 

4 A 29 240 

3 B 29 205 

4 B 29 205 

1 A 29 240 

2 A 29 240 

1 B 29 205 

2 B 28 205 

1 Cc 28 200 

3 2 Cc 28 200 

3 A 28 240 

4 A 30 240 

3 B 28 200 

4 B 28 205 

3 Cc 28 200 

4 Cc 28 200 

iL VX 28 230 

4 2 A 28 240 

3 A 28 230 

4 A 28 230 

1 18) 28 240 

: 5 2 D 28 230 

f 3 D 28 235 

} 4 D 28 230 
a 

1 A 28 230 

6 2 A 28 230 

3 A 28 240 

4 A 28 240 


94 ILLINOIS ENGINEERING EXPERIMENT STATION 


TaBLE 57 
Resutts or MaGcnarLtux Tests: SPECIMENS 1 To 6 
Speci N Weld Results of Magnaflux Test on Machined 
SPECS HO No. Surface of the Welds 
1 Crater crack—approx. 1” long 
2 Crater crack—approx. 214” long 
One Pass 3 No cracks indicated 
4 Crater crack—approx. 214” long 
i Crater crack—approx. 11%” long 
2 2 Crater crack—approx. 114” long 
Two Passes 3 No cracks indicated 
4 Crater crack—approx. 1” long 
1 Crater crack—approx. 214” long and at a considerable depth 
2 Crater crack—approx. 214” long and at a considerable depth 
Three Passes 3 No cracks indicated 
4 No eracks indicated 
1 No eracks indicated 
4 2 No cracks indicated 
One Pass, Soft Wire 3 No cracks indicated 
4 No cracks indicated 
1 No cracks indicated 
5 2 Small crater crack 
One Pass, Large Bead 3 No eracks indicated 
4 No cracks indicated 
1 No eracks indicated 
6 2 No cracks indicated 
One Pass, Split Plates 3 No eracks indicated 
4 No cracks indicated 


Specimen 
No. 


Total Load, 
lb 


124 000 
114 000 
178 000 
190 000 
182 000 


TABLE 58 
Sratic STRENGTH OF WELDS OF SPECIAL SPECIMENS 1 TO 6 
Area of Fracture, Shearing Stress* in 
sq in. Weld—1000’s of p.s.i. 
2.761 44 910 
2.965 38 450 
4.467 39 850 
3.654 51 998 
Se713 49 017 
2.913 41 195t¢ 


OnrPwnhre 


* The ultimate load divided b 


fracture. 


120 000 


y the area of fracture. The area of cracks is included in the area of 


+ In specimen 6 the outer plates had been split in the center, so that the weld was under torsion 


along with the shear during the static test to failure. 
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TABLE 59 


CoMPARISON OF STRENGTHS OF WELDS OF SINGLE-Pass AND TRIPLE-PAss FILLET- 
We Lp Jornts: CoMBINED LONGITUDINAL AND TRANSVERSE 
Finutet-Weip Jormnts ConNECTING PLATES 


Stress Cycle: Tension to an Equal Compression 


Average Fatigue Strength 
in 1000's of p.s.i. Static Strength 
Number of Weld K in 1000's 
Passes of p.s.i. 
F100 000 F 2.000 000 
Single 13.1 8.90 0.11 62.73 
Triple, Series 1 9.63 9.29 0.02 51.39 
Triple, Series 2 14.83 8.04 0.21 53.52 


* The stress listed equals the total load on the specimen divided by the throat area of the weld 
computed from its external dimensions. 


TABLE 60 


WELDING PROCEDURE: TRANSVERSE SINGLE-PAss FILLeETt-WELD TEE- 
Joints CONNECTING PLATES 


Specimens 43M1 to 43M24, inclusive 


Electrode 3%6in. A.W.S. E6012 
Polarity Straight 

Position Horizontal 

Voltage 23 volts 

Amperes 250 amperes 


A small piece of folded paper was placed between the tee-plate and the main plates to keep them 
separated slightly during welding. 


TABLE 61 


Resuutts or Mitt Tests: Puares ror TRANSVERSE FILLET-WELD TEE- 
Joints CONNECTING PLATES* 


Specimens 43M 


Mechanical Properties Chemical Composition, percent 

Plate 
Thick- Strength, p.s.i. Elong. 

ness in 8in., Bend C Mn P Ss 

percent Test 
Yield Point | Ultimate 

34 in. 37 150 61 270 27.00 O.K. 0.22 0.46 0.011 0.029 
¥% in.t 41 740 63 700 26.75 O.K. 0.24 0.52 0.014 0.035 


* The tee-plates with plane of rolling parallel to the line of stress were cut from 2-in. plates. 
+ Tee-plates with plane of rolling normal to the line of stress. 


TABLE 62 


CoMPARISON OF AVERAGE FATIGUE STRENGTHS OF WELDS AS DETERMINED FROM 
THREE VALUES OF WELD AREA: TRANSVERSE FILLET- 
Wewtp Trr-JoInts CONNECTING PLATES 


Fatigue Strength in 1000's of p.s.i. 


Basis for Determining K 
Weld Area { 
F100 000 F 2 000 000 . 
; 2 7 
Tension to Compression i 
External Dimensions 13.3 a2 0.25 i 
Fracture Area 14.7 5.6 0.32 
Nominal Size 14.8 “3 0.23 I 
Zero to Tension 
External Dimensions 19.1 9.6 0.25 
Fracture Area asne 8.9 0.32 
Nominal Size 23.3 11.6 0.23 
Tension to One-Half Tension 
External Dimensions 36.9 18.2 0.25 
Fracture Area 44.6 17.0 0.32 
Nominal Size 40.6 20.5 0.23 
TABLE 63 
Resuutrs or Mint Tests: PLares ror Stot-WELD JOINTS 
Specimens 43N 
Mechanical Properties Chemical Composition, percent 
Bt 
1CK- Strength, p.s.i. Elong. 
pees Se eS ein SanmemenG Cc Mn P Ss 
percent Test 
Yield Point | Ultimate 
“i 38 920 62 550 27.50 O.K. 0.22 0.63 0.013 0.037 
in. 
bf 36 310 60 240 32.50 O.K. 0.24 0.50 0.014 0.025 
i 37 550 61 220 27.25 O.K. 0.22 0.63 0.013 0.037 
9 In. 
40 950 65 680 25.00 O.K. 0.24 0.50 0.014 0.025 
TABLE 64 
Sratic StrRENGTH: WELDS or LonairuDINAL Sitot-WELD JOINTS 
CoNNECTING PLATES 
Stress at Ultimate Load in p.s.i. 
Specimen Ultimate Load, 
No. lb. Shear Based Shear Based Tension in 
upon Nominal upon Measured | Plate Based on 
Size of Slot Size of Slot Gross Area* 
(2 
43N-23 465 800 54 607 52 872 30 930 
43N-24 470 450 55 152 54 013 31 260 
‘Ave. | « oe eee 54 880 53 440 31 095 


* There were no indications of failure in the plates. 
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TABLE 65 


Static STRENGTH: WELDS Or TRANSVERSE SLoT-WELD JorINnTs 
CoNNECTING PLATES 


Stress at Ultimate Load, p.s.i. 
Specimen No. Ultimate Load, lb 
Shear on Weld* Tension in Platet 
430-23 420 650 49 315 28 045 
430-24 425 550 49 890 28 370 
Ee Ae 8 ee 49 600 28 200 
* Based upon nominal area of slot. 
+t Based upon gross section of plate. 
Both specimens failed by shearing the weld. 
TABLE 66 


We.LpING PrRoceDURE: MOoOMENT-RESISTING FILLET-WELD JOINTS 


Specimens 43J-1 to 43J-24, inclusive 


Electrode %{6in. ALW.S. E6010 
Polarity Reversed 

Position Vertical 

Voltage 27 volts 

Amperes 175 amperes 


All welds were deposited from the top down. 


TABLE 67 


Resutts or Mint Tests: PLuares ror Moment-REsIstina 
Fintet-WeLp JoINTs 


Specimens 43) 


———---- 


Mechanical Properties Chemical Composition, percent 
piss 
} 1CK- Strength, p.s.i. Blong. 
j ae in 8in., Bend (a Mn P S 
percent Test 
Yield Point | Ultimate 
41 140 65 850 25.00 Cyn. 0.28 0.50 0.013 0.032 
1 in. 
40 080 65 680 24.75 O.K. 0.27 0.45 0.017 0.032 
2 in. 38 700 62 660 29.00 OKs 0.22 0.38 0.014 0.029 


TABLE 68 


Sratic SrreENGTH: WELDS or MoMENT-RESISTING FILLET- 
We.p Joints DesIGNED TO FAIL IN WELD 


SecrmeneNG! homens Weld, Sher ee s 
43J-24* 702 480 70 250 
43J-25t 685 870 68 600 


* Tested with the crater of the weld up. 
+ Tested with the crater of the weld down. 


TABLE 69 
WELDING PrRoceDURE: MoMeEntT-ReEsIsTING END CoNNECTIONS FOR I-BEAMS 


Top Welds Bottom Welds 
Electrode %e6-in. A.W.S. E6010 %6-in. A.W.S. E6010 
Polarity Reversed Reversed 
Position Horizontal Overhead 
Voltage 28 volts 25 volts 
Amperes 220 amperes 160 amperes 
TABLE 70 


Resutts or Mint Tests: Puares anpD BEAMS ror MoMENT-REsISTING END 
CONNECTIONS FOR I-BEAMS 


Specimens 43K 


Mechanical Properties Chemical Composition, percent 
Plate or Strength, p.s.i. 
Beam Elong. Bend 
in 8 in., Test C Mn P, S 
i ercent 
Xield | ultimate | > 
12” I-Beam | 41 940 66 510 26.75 ON 0.25 0.46 0.025 0.033 
2” Plate 38 700 62 660 29.00 O.K. 0.22 0.38 0.014 0.029 
TABLE 71 


Sraric StrReneTH: Wextps or Moment-Resistinec ENpD 
CONNECTIONS FOR I-BEAMS 


Stress at Ultimate Load, p.s.i. 
Specimen Ultimate Load, Nominal Stress Horizontal Shear Type of Weld 
No. lb. Based on Throat Based on Tested 
Area as Determined Measured 
from External Area of 

Measurements Fracture 

43 K-24 71 660 40 100 48 900 Overhead Fillet 

~ 
43 K-25 96 070 57 700 51 400 Horizontal Fillet 


The distance between welds was assumed to be 12.2 in. for the stress on the throat of the weld, 
whereas for the shearing stress based upon the area of fracture the depth was assumed to be 12.0 in. 
The latter value was used in computing the shear because, for the static tests, the welds sheared off 
along the flange of the beam. 
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WELDING PROCEDURE: 


Electrode 
Polarity 


Position 


Voltage 


Amperes 


TABLE 72 


Dovusie-V Burr-Weitp Joints TESTED IN COMPRESSION 
Specimens 43X-1 to 43X-24, inclusive 


oa 


%6 in. A.W.S. 
Reversed 
Flat 

28 volts 

200 amperes 


E6010 


Nine layers were placed for each weld, the first layer of the weld being chipped to sound metal 
before the placing of layer 3. 
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CoMPARISON OF FaTIGUE STRENGTH OF DousLe-V Burt-WeELD Joints TESTED IN 
COMPRESSION WITH FATIGUE STRENGTH OF SIMILAR JOINTS TESTED IN 


TENSION 
Stress Cycle 
Series Tension | Compression | Compression | Compression 
to Equal to Tension to Tension to Tension Zero to Zero to 
Compres- Three- One-half One-fourth Compres- Tension 
sion fourths as Great as Great sion 
as Great 
Faricur STRENGTH, p.s.iimAverage Values of F100 000 
Present Series | ...... —21 500* —28 200* = SO LOOT Nn” se rclersetatatia Mule) Sorsares 
Basic Series 22 300 33 100 
X-Series 21 800 34 700 
Y-Series 21 500 31 600 
Z-Series 20 200 30 800 
Fatigub STRENGTH, p.s.i—Average Values of F2 000 000 
Present Series | ...... —11 500* —21 900* —22 900* =< 32, OOO-* i) mete 
Basic Series 14 400 22 500 
X-Series 12 600 21 100 
Y-Series 13 900 21 500 
Z-Series 13 000 21 200 


* Taken from Table 25. All other values are taken from Univ. of Ill. Eng. Exp. Sta. 
Table 7, p. 21. 
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SUMMARY OF RESULTS: 


TABLE 
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Static Tests oF WELDED JOINTS 


fillet welds 


fillet welds 


slot welds 


Details of Individual Average Static 

Specimen Tests Re- | Strength in 1000’s 

Shown on ported in of p.s.i. of 

Description of Location of 
Specimen Area of Se etion Fracture 
: rac- | of Frac- 
Fig. | Page | Table | Page Fara ORRIEGES OF 
Weld Plate 
Plates connected with fillet welds 1 16 28 81 51.6 56.9 Two in weld 
Two in plate 

Plates and channels connected with 2 19 31 82 54.4 Channels 
Plates connected with plug welds 3 21 23 48.2 Welds 
Plates connected with plug welds 4 24 35 83 64.9 Plates 
Plates connected with plug welds 5 26 37 84 63.2 Plates 
Plates connected with longitudinal Ph 30 45 88 59.7 Welds 
single-pass fillet welds 
Plates connected with longitudinal 8 34 45 88 46.0 Welds 
triple-pass fillet welds: First series 
Plates connected with transverse 9 38 48 89 80.1 Welds 
single-pass fillet welds 
Plates connected with transverse 11 42 51 91 63.3 Welds 
triple-pass fillet welds 
Plates connected with combined lon- 
gitudinal and transverse single-pass 13 44 53 92 62.7% Welds 
Plates connected with combined lon- 
gitudinal and transverse triple-pass 14 47 55 92 50.3 Welds 
Plates connected with longitudinal 17 54 64 96 54.9 Welds 
Plates connected with transverse slot 19 58 65 97 49.67 Welds 


welds 


* Based on area of weld computed from external dimensions of the throat. 
+ Based on nominal area of slot. 


TABLE 75 
Summary oF Resuttrs: Fatigue Tests or WELDED JOINTS 


Pi Results of Average Fatigue 
ee a Na pee rare 
Descripti f r ests Re- V at Failed, in 
Alec he x5 Shown on ported in alue, bo 1000's of p.s.i. 
Fig. | Page | Table! Page F 100 000 F'2 000 000 
Plates connected with fillet welds: —1.0 12.29 5.68 
failure in plate 1 16 1 17 0.0 21.64 9.64 
+0.5 41.15 16.27 
Channels connected to plates: —1.0 10.55 6.07 
failure in channels 2 19 3 20 0.0 16.65 9.07 
+0.5 28.50 15.60 
Plates connected to plates with —1.0 41.27 6.54 
plug welds: failure in plugs 3 21 4 22 0.0 23.08 12.57 
+0.5 42.10 23.87 
Plates connected to plates with -—1.0 14.18 5.34 
plug welds: failure in inner plate 4 24 5 25 0.0 26.30 10.13 
+0.5 44.50 20.80 
Plates connected to plates with —1.0 14.09 6.62 
plug welds: failure in outer plates 5 26 6 27 0.0 24.05 11.67 
+0.5 49.20 24.60 
Longitudinal single-pass fillet —1.0 15.20 10.70 
welds connecting plates: failure it 30 ff 31 0.0 27.20 19.70 
in weld +0.5 57.30 40.0 
Longitudinal triple-pass fillet 9 35 —1.0 First Series 
welds connecting plates: failure 8 34 11.40 7.80 
in weld 10 36 —1.0 | Second Series 
16.80 9.71 
—1.0 16.20 11.30 
Transverse single-pass fillet welds 9 38 11 39 0.0 30.30 18.50 
connecting plates: failure in weld +0.50 45.50 38.00 
; —0.0 33.20 25.90 
' Transverse triple-pass fillet welds 11 42 13 43 —1.0 18.30 13.70 
' connecting plates: failure in weld 0.0 36.70 28.00 
» Combined longitudinal and trans- —1.0 13.10 8.90 
_ verse single-pass fillet welds con- 13 44 14 45 0.0 28.30 20.50 
_ necting plates: failure in weld +0.5 53.30 39.60 
t — 
_ Combined longitudinal and trans- 16 48 —-1.0 First Series 
_ verse triple-pass fillet welds con- 14 47 9.63 — 9.29 
_ necting plates: failure in weld Ve 50 —1.0 | Second Series 
i 14.83 8.04 
' Transverse fillet-weld tee joints —1.0 13.30 6.23 
‘connecting plates: failure in weld 16 52 18 53 0.0 19.10 9.63 
} +0.5 36.90 18.18 
-—1.0 16.1 6.13 
‘Longitudinal slot-weld joints con- 17 54 19 55 0.0 27.9 11.10 
“necting plates: failure in weld +0.5 nists 22.20 
; +0.25 37.9 14.9 
‘Transverse slot-weld joints con- =—1.0 10.00 5.29 
ecting plates: failure in weld 19 58 20 59 0.0 20.00 10.20 
j +0.5 37.90 19.60 
—0.0 eyo —32.0 
utt-weld joints connecting 26 71 25 72 —0.25 —36.7 —22.9 
lates: failure in compression —0.50 | —28.2 —21.9 
; —0.75 —21.5 —11.5 


*r = —1.0, tension to equal compression. 
r = 0.0, zero to tension. 
r = 0.5, tension to tension one-half as great. 
r = —0.0, compression to zero. 
r = —0.75, compression to tension three-fourths as great. 
r = —0.50, compression to tension one-half as great. 
r = —0.25, compression to tension one-fourth as great. 
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and J. C. Miles. 1942. Free upon request. 

Save Fuel for Victory. 1942. None available. 

Magnetron Oscillator for Instruction and Research in Microwave Techniques, 
by J. T. Tykociner and L. R. Bloom. 1944. Twenty cents. 

The Drainage of Airports, by W. W. Horner. 1944. Twenty-five cents. ’ 

Bibliography of Electro-Organic Chemistry, by 8. Swann, Jr. 1945. Free upon 
request. 

Rating Equations for Hand-Fired Warm-Air Furnaces, by A. P. Kratz, 5. Konzo, 
and J. A. Henry. 1945. Thirty cents. 

The Railroad Dynamometer Car of the University of Illinois and the Illinois 
Central Railroad, by J. K. Tuthill. 1947. Free wpon request. 

Papers Presented at the Seventh Short Course in Coal Utilization. 1948. Free 
upon request. 

Papers Presented at the First Short Course on Hot Water and peau Heating 
Systems. 1948. Free upon request. 
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Reprints 


Second Progress Report of the Investigation of Shelly Spots in Railroad Rails, 
by R. E. Cramer. 1944. Free wpon request. 

Second Progress Report of the Investigation of Fatigue Failures in Rail Joint 
Bars, by N. J. Alleman. 1944. Free upon request. 

Principles of Heat Treating Steel, by H. L. Walker. 1944. None available. 

Progress Reports of Investigation of Railroad Rails and Joint Bars, by H. F. 
Moore, R. E. Cramer, N. J. Alleman, and R. S. Jensen. 1945. Free wpon 
request. 

Progress Report on the Effect of the Ratio of Wheel Diameter to Wheel Load on 
Extent of Rail Damage, by N. J. Alleman. 1945. Ten cents. 

Progress Report of the Joint Investigation of Methods of Roadbed Stabilization, — 
by R. B. Peck. 1946. Fifteen cents. 

Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E. 
Cramer, N. J. Alleman, and R. 8. Jensen. 1946. Free upon request. 

Hlectro-Organic Chemical Preparations: Part III, by 8. Swann, Jr. 1947. 


Cramer and R. 8. Jensen. 1948. Fan cents. 
Third Progress Report of the Investigation of Methods of Roadbed Stabili 
tion, by R. Smith. 1948. Fifteen cents. 
Phase-Sensitive Indicating Devices, by H. C. Roberts. 1948. Fifteen 


